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ABSTRACT 

The purpose of this study was to observe the effects of 
three intensities of maternal aerobic exercise (mild, 
moderate and severe) throughout gestation on both mother and 
fetus in the rat. The mild intensity (MILD) consisted of a 
treadmill speed of 15 m/min, on a 10° incline for a duration 
of 60 minutes/day, 5 days/week. The moderate intensity (MOD) 
consisted of a treadmill speed of 30 m/min, ona 10° 
incline, for 60 minutes/day, 5 days/week and the severe 
intensity (SEV) consisted of a treadmill speed of 30 m/min, 
on a 10° incline for 120 minutes/day, 5 days/week. In all 
three intensity experiments (MILD, MOD and SEV) young female 
Sprague-Dawley rats (Biosciences - University of Alberta) of 
approximately 50 days of age were used for study. Prior to 
random assignment of the rats into appropriate groups, the 
rats were conditioned to run by a progressive two week 
treadmill exercise program. Following the two week program, 
the rats were paired by weight and selected to fulfill one 
of two main experimental conditions: a pregnant group that 
continued their respective running intensity program 
throughout gestation (pregnant runner, PR-MILD, PR-MOD, 
PR-SEV), or a pregnant group that did not continue the 
running program throughout pregnancy (pregnant control, 
PC-MILD, PC-MOD, PC-SEV). At birth the neonates born to the 
PR-MILD, PR-MOD or PR-SEV groups did not differ in neonatal 
body weight values, number/litter or total litter weight 


values when compared to controls, nor were superficial gross 
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abnormalities observed in the neonates born to the PR 
groups. The SEV intensity exercise did not alter neonatal 
organ weight values (brain, heart, liver, lung, kidney), nor 
neonatal skeletal muscle development (gastrocnemius, 
sternomastoid, diaphragm) when compared to control values. 
The MILD exercise intensity did not alter maternal body 
weight gain during pregnancy. The MOD and SEV exercise 
intensities, however, did cause significant reductions in 
maternal body weight gain (p<0.05) when compared to control 
values. After giving birth, the maternal rats in the SEV 
exercise experiment (PR-SEV and PC-SEV) were skinned, and 
each component, skin (Subcutaneous fat and mammary tissue), 
and the remainder, were weighed and compared. The PR-SEV 
group had significantly less skin and remainder body 
components than the PC-SEV group (p<0.05). It is suggested 
that in maternal running rats that exercise throughout 
gestation, adaptive mechanisms develop to protect the fetus, 
but these mechanisms appear to occur at the expense of the 
maternal system, especially at the more severe exercise 


intensities. 
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INTRODUCTION 

Society today emphasizes the beneficial aspects of 
exercise and fitness. This attitude has progressively 
expanded to also include the pregnant woman within its 
influential realm, with many magazines and books available 
to the general public promoting exercise during pregnancy. 
Unfortunately, advice concerning maternal exercise is 
usually limited to vague generalizations to avoid excessive 
fatigue, which substitutes for valid scientific observations 
(Cumming and Belcastro, 1982). A review of the literature 
reveals little conclusive information concerned with the 
effects of exercise on the pregnant woman and/or the 
developing fetus. To substantiate guidelines for women who 
wish to exercise during pregnancy, more scientific 
observations are needed in human research as well as 
observations through the use of animal models. From a basic 
overview of exercise physiology it would seem reasonable to 
suggest that there are several immediate areas of interest 
which may be related to the effects of exercise performed by 
the pregnant woman on the developing fetus. 

There is ample evidence to suggest that the uterine 
environment plays an important role in the development of 
the fetus (Barr et al., 1970). Alterations in this 
environment, such as the changes associated with maternal 
ingestion of alcohol or maternal smoking, have shown several 
deleterious effects on fetal outcome (Abel, 1982). Maternal 


alcohol consumption can depress the central nervous system 
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of the fetus and ingestion of large amounts of alcohol 
during pregnancy may lead to intrauterine growth retardation 
and congenital malformations; the fetal alcohol syndrome 
(Lewis and Boylan, 1979). Maternal smoking also has been 
associated with low birth weight infants, stillbirths and 
neonatal deaths, presumably by changing the uterine 
environment of the developing fetus (Socol et a/]., 1982). It 
is also possible that maternal exercise may alter the fetal 
environment. For example, fetal breathing movements have 
been shown to increase during and after maternal activity of 
short duration (Marsal et a/j., 1979). This increase may be 
the result of by-products such as lactic acid associated 
with maternal exercise and may ultimately affect fetal 
development. 

One of the possible problems associated with maternal 
exercise is the shunting of maternal blood away from the 
uterus to the working muscles of the mother during normal 
reflex activity in response to exercise (Artal et al., 
1981). The possibility exists that lowered uteroplacental 
blood flow may result in diminished fetal oxygenation and 
fetal nutrition levels, at least for short periods of time 
as a result of the maternal exercise. At the termination of 
maternal activity, however, the uteroplacental blood flow is 
apparently restored in such a way that an overcompensation 
of available blood to the fetus occurs (Curet et al]., 1976). 
This phenomenon has been called the "tidal-flow" effect 


(Morris et al., 1956; Martin, 1980). Whether in fact the 


gs fie 
noitsbisted donot sina 


ia bedesis a -_ 4 


1T (S82. SS Se Peay “er 
laaet ond wees: or api aspen 3 


- Bris. sini S eee ete’, Leste <<  tiveea wy O10 
ames fo abolss4y os se “Yeset A isto? - 

. pert mat, Yo tivees * * 7 
oi mtivises. isnedem a 
ee $273 yisasrsgge 
ag oe “s sfdslieve to 
es aN 40 ainvally o 


ta! nobsanimas if tA woeisisna! 


fetus is affected by this altered blood flow remains to be 
determined. 

Decreased fetal oxygenation, or 'hypoxia' may also 
influence fetal outcome. The fetus reacts to hypoxic levels 
by the shunting of its own blood in favour of vital organs, 
such as heart and brain (Rudolf, 1984) until it can no 
longer cope, ultimately resulting in fetal death (Boddy, 
1976). Less dramatic levels of fetal hypoxia have also been 
shown to cause growth retardation and smaller fetal organ 
weights (Longo et a]., 1978; Nelson et a/]., 1983). However, 
during maternal exercise, diminished uterine blood flow does 
not necessarily indicate fetal hypoxia, as the fetus is 
somewhat protected by the mechanisms of the oxyhemoglobin 
dissociation curve and the strong affinity of fetal 
hemoglobin for oxygen (Longo, 1972). The level of diminished 
maternal-fetal blood flow which may lead to fetal hypoxia 
remains to be elucidated. 

Fetal nutrition may also be affected by a decrease in 
maternal uteroplacental blood flow. Not only is the 
concentration of nutrients in maternal blood (an adequate 
maternal diet) essential for fetal growth, but an adequate 
maternal blood supply for transport of these nutrients to 
the. fetus-is.also important. (Young, 1976). ‘For) instance, the 
amount of glucose available to the fetus is necessary for 
fetal energy utilization (Bassett and Jones, 1976) and it is 
possible that maternal exercise may decrease the 


availability of glucose for the fetus. The maternal working 
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muscles may require glucose for energy especially at the 
more severe levels of maternal exercise rather than sparing 
glucose for fetal usage. Other essential nutrients such as 
protein and free fatty acids are also important for fetal 
growth. Skeletal muscle is especially susceptible to 
diminished levels of available protein (Young, 1976) and 
lipids are important in brain structure as well as being 
potential energy stores in later gestation (Hull, 1976). It 
appears then, that an adequate uteroplacental blood supply 
is essential in sustaining necessary fetal nutrition during 
pregnancy in order to maintain fetal growth and this supply 
may be threatened by maternal exercise. 

Other aspects of maternal exercise which may affect 
fetal growth include alterations in circulating hormone 
levels associated with the combined effects of pregnancy and 
the intensities of maternal exercise. For instance, growth 
hormone levels have been found to increase during exercise 
(Cumming and Belcastro, 1982), but during pregnancy the 
levels of this hormone appear suppressed (Spellacy, 1977). 
Another example is the altered response of the adrenal 
medulla to exercise during pregnancy. Augmented circulating 
catecholamines associated with maternal exercise may affect 
fetal circulation (Cumming and Belcastro, 1982). The 
resultant addition of exercise to the altered hormonal 
environment of the pregnant woman and its effects on fetal 


outcome have not been fully elucidated. 
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Maternal hydration and blood volume levels may also be 
important in fetal growth. During pregnancy a significant 
amount of maternal body water is retained by the pregnant 
woman (Metcalfe et a/J., 1981). Exercise on the other hand 
has been shown to decrease temporarily plasma volume (Hytten 
and Leitch, 1971). Whether maternal exercise causes changes 
in maternal hydration and plasma volume levels is not known. 
One of the possible consequences associated with maternal 
dehydration is oligohydramnios which has been linked with 
fetal abnormalities such as cleft palate or limb 
deformities, lung hypoplasia, and smaller birth weights 
(Symchych and Winchester, 1978). Whether maternal exercise 
causes diminished amounts of amniotic fluid is also 
undocumented. 

Maternal exercise may also elevate maternal body 
temperature. Hyperthermia in the fetus has been shown to 
cause birth defects, especially in the fetal brain and 
intrauterine growth retardation (Edwards, 197494 Tees: not 
known, however, whether the extent of elevated maternal body 
temperature resulting from maternal exercise is sufficient 
to affect the developing fetus. 

The picture surrounding the effects of maternal 
exercise seems far from complete and the illustrations 
outlined above show reasonable cause for concern. It is 
entirely possible that maternal exercise during gestation 
may help the development of the fetus in some circumstances 


whereas the same exercise may hinder the development of the 
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fetus in other circumstances. However, the level of maternal 
exercise and the degree of fitness considered to be "safe" 
or "recommended" during gestation have not been determined. 
There is increasing demand for such information as the 
influence of fitness and exercise during pregnancy becomes 
more prominent. While training may improve the capacity for 
maternal aerobic exercise, the effects of repeated maternal 
exercise on fetal well-being remain unclear (Cumming and 
Belcastro, 1982). Accordingly, this study was designed to 
examine the effects of three intensities of maternal aerobic 
exercise (mild, moderate and severe) on both mother and 
fetus throughout gestation in the rat. 

The rat was chosen as the animal model rather than 
sheep, guinea-pigs or mice because the rat and human have 
the same type of haemochorial fetoplacental unit 
(Tuchmann-Duplessis et al]l., 1972). Since the fetus is 
intimately related to the fetoplacental unit and the 
transfer and exchanges that occur between it and the 
maternal system, then effects of maternal exercise on the 
placenta or the substances that cross it would perhaps be 
reflected (in a similar manner to the human) in fetal rat 
growth and development. 


Fetal growth and development were analysed in two ways: 


1% The gross development of the fetus was represented 


by the following parameters: 


i's newborn number/litter and gross abnormalities 
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ii. newborn gross body weight 
iii. newborn organ weights 


2: At the microscopic level, skeletal muscle 
development was chosen for analysis. This fetal 
tissue was selected because it may reflect most 
readily any deficiency in fetal nutritional 
requirements which may be associated with maternal 


exercise. 


The project was also designed to identify the effects 
of each of the three intensities of maternal exercise on the 
gross morphology of the maternal rat. The parameters 


selected to represent these effects were: 
12 maternal weight gain during pregnancy 
23 maternal postpartal weight 


3. maternal skin (including subcutaneous fat and 
mammary glands) weight and the remaining body 


weight. 


The study was conducted assuming the following 


limitations: 


Ls Sprague-Dawley rats were used throughout the 


experiment as a basis of an animal model for 
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maternal exercise during gestation. Rats are 
multiparous and the usual gestation period is 21 
days. Pregnant rats are not susceptible to 
clinical complications due to an upright posture 
such as fluid retention or venous pooling in the 
legs and occlusion of the inferior vena cava by 


the gravid uterus (Metcalfe et a/]., 1981). 


The neonatal rats were sacrificed within 20 hours 
after birth which represented the fetal condition 
as a result of maternal exercise throughout 


gestation. 
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METHODOLOGY 

The study consisted of three experiments conducted in 
succession over a period of three years. The effects of 
three intensities of maternal exercise were examined, 
commencing with a preliminary project of a mild aerobic 
exercise program (MILD). The mild experiment consisted of a 
treadmill speed of 15 metres/minute (m/min), ona 10° 
incline for a duration of 60 min/day, 5 days/week. This was 
based on a previous study by Parizkova (1975) who used a 
protocol of 15 m/min for 60 min/day. The results of the 
first (MILD) experiment served as a guide for the second 
which consisted of a moderate aerobic program (MOD) with a 
treadmill speed of 30 m/min (double the intensity of the 
first), on a 10° incline, for 60 min/day, 5 days/week. The 
third experiment, based on the results of the previous two, 
examined severe maternal aerobic exercise (SEV) which 
consisted of a treadmill speed of 30 m/min, ona 10° incline 
for a duration of 120 min (double the time of the second 
experiment). This program was based on a previous study by 
Bedford et a]. (1979) who defined this intensity as 'heavy' 
aerobic exercise. 


Several factors were common to all three experiments: 


he Young female Sprague-Dawley rats (Biosciences - 
University of Alberta) of approximately 50 days of 


age were used for study (N=20, MILD; N=30, MOD; 


N=30, SEV). 
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2, In the initial stages of each experiment, the 
female rats were weighed daily and randomly housed 


two per cage. 


oe The ears were coded with an ear-hole punch to 


facilitate identification. 


4, The rats were fed and provided with water ad 


libitum. 


os The animals were housed in the same room for each 
experiment. Daylight was controlled and included 
12 hours) Of Light 17:00 p.m. -7 500) a.m.) sand. 12 


hours of darkness (7:00 a.m.-7:00 p.m.). 


6. Room temperature was maintained at 72+2°F, 


Humidity waS maintained between 45-55%. 


PREPREGNANT PROGRESSIVE TREADMILL RUNNING PROGRAM: 

The treadmill program for all running groups consisted 
of progressive treadmill exercise for two weeks. The rats 
were conditioned to run by a progressive running program so 
that at the end of the two weeks, they were capable of 
running the respective intensity (MILD, MOD or SEV) in the 
non-pregnant state. The protocol for progressive treadmill 
running was based on the progression schedules for rats used 
by Brooks and White (1978); Bedford et al. (1979); Davies et 


al. (1981); and Brooks and Donovan (1983). The MILD 
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progressive exercise program reached a final speed of 20 
m/min, 10° incline, 60 min/day, 5 days/week (see Table 1). 
This exercise intensity has been reported elsewhere to 
elicit values less than 60% maximum oxygen comsumption 
(VO,max) for non-pregnant female Sprague-Dawley rats 
(Bedford et a]., 1979). The final exercise progression of 
the MOD experiment was 30 m/min, 10° incline, 60 min/day, 5 
days/week (see Table 2). This intensity of exercise was 
found to elicit values of more than 60% VO.max in 
non-pregnant female Sprague-Dawley rats (Bedford et al., 
1979). The SEV experiment reached a final progression of 30 
m/min, 10° incline, 120 min/day, 5 days/week (see Table 3). 
Bedford et al. (1979) reported that in non-pregnant 
Sprague-Dawley rats this intensity of exercise elicited 
values greater than 80% VO2max. 

Several factors were again common to each of the 


experiments: 


at The rats were exercised during the dark cycle, as 
rats are nocturnal animals and most physically 


active at night. 


oe Each rat was weighed daily at approximately the 
Same time just prior to running. An animal balance 


accurate to the nearest 0.1 g was used. 


3. The treadmill was operated at the required speed 
for at least 20 minutes before the rats were 


placed on the machine. Even though the treadmill 


io no tzesayorg avioise: pees | 

2 veb\onm Od ,eanelom OT Ae 00 2 
dow seioraxs. 20 ytienstAhi. any (8. sae 

nt XgitigOV MOS made oid 

vis 6 pre 2bse). eden “qs tanateas 

OE 3o ng lasexposg railed & onitade ¥ 


7 = i 
vine ice, 


WCE algal ase). see 2 cat 


aid _ Cowan! Sotads Er (lish Sottetiew e6w aes dae 


= 


gonel ad ain nA spainays og sob: eur enia ouse = * 


Bee 2ew e r.0 avsnan 8 oF si h1Uson 
by 


enatcan edt 


Table 1. PREPREGNANT PROGRESSIVE TREADMILL RUNNING PROGRAM 


FOR THE MILD EXPERIMENT 


DAY TREADMILL INCLINE (°) TIME (mins.) 


SPEED (m/min) 


1 15 10 tS 
2 1S 10 20 
S 15 10 30 
& LS 10 40 
5 20 10 50 
6 REST 

fi REST 

8 20 10 60 
9 20 10 60 
10 20 10 60 
11 20 10 60 


LY 20 10 60 
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Table 2. PREPREGNANT PROGRESSIVE TREADMILL RUNNING PROGRAM 


FOR THE MOD EXPERIMENT 


DAY TREADMILL INCLINE (°) TIME (mins.) 


SPEED (m/min) 


1 15 10 15 
z 15 10 20 
3 20 10 30 
& 20 10 40 
5 29 10 50) 
6 REST 

7 REST 

8 25 10 60 
9 26 10 60 
10 28 10 60 
11 30 10 60 


12 30 10 60 
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Table 3. PREPREGNANT PROGRESSIVE TREADMILL RUNNING PROGRAM 


FOR THE SEV EXPERIMENT 


DAY TREADMILL INCLINE (°) TIME (mins. ) 


SPEED (m/min) 


1 20 10 15 
2 23 10 26 
3 25 10 30 
4 28 10 45 
5 30 10 60 
6 REST 
7 REST 
8 30 10 60 
9 30 10 75 

10 30 10 90 

11 30 10 105 


12 30 10 120 
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was sufficiently warmed up, the speed of the belt 
altered slightly during the running sessions. On 
account of this, the belt was timed just before 
the rats began the exercise bouts and upon 
completion of exercise. The average of these two 
results was then recorded as the correct speed. 
The treadmill speed did not vary more than 1 
m/min, however, for the duration of the running 


time. 


A mild voltage (50 Volt) shock grid was located at 


the back of each treadmill runway. 


A chart was kept of each rat's running behaviour 
to record injury or diarrhea (see Appendix A). If 
a rat was constantly shocked or injured while 


running, it was removed from the study. 


At the end of the exercise routines the rat cages 
were always shifted to the right on a three tiered 
Storage rack. The rats in the last cage always 
started the next exercise session so that a 
different animal began the running session each 


time. 


At the end of the two week progressive running 
program (as soon as the exercise bout was 


complete) the rats were paired by weight. 
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GROUP DESCRIPTIONS 


These paired non-pregnant female rats were randomly 


selected by ear:code identification to fulfill one of two 


main experimental conditions: 


ilies 


De 


A pregnant group that continued their respective 
running intensity program throughout gestation 


(pregnant runner, PR-MILD; PR-MOD; PR-SEV), or 


A pregnant group that did not continue the running 
program throughout pregnancy (pregnant control, 


PC-MILD; PC-MOD; PC-SEV). 


In addition to the two main experimental groups, the 


following groups of rats were included in the general design 


(see figure 1) to observe the separate effects of exercise 


and/or pregnancy and to account for the normal weight gain 


of Sprague-Dawley rats: 


ile 


a non-pregnant group that undertook the 
progressive treadmill running schedule, then 
stopped running and adopted a normal laboratory 
routine for the duration of the experiment 


(non-pregnant control, NPC) 


a non-pregnant group that undertook the same 
progressive treadmill running schedule and then 
continued the running program (non-pregnant 


runner, NPR) 
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FIGURE 1. GENERAL DESIGN 


NPC NPR PR PC  pPNRC 


MOD MOD 
S Ss 


| | 

| | 

PROGRESSIVE | 
| | 

EXERCISE : 

| 

| 


| i 
PROGRAM 
) | 


[NE REENARIONTIIM 


| | 
| | 
| | 
| : 
| 

EXERCISE 


| | 
PROGRAM 


hea-— — ee 


BIRTH 


NEWBORN 
ANALYSIS 


. a 
= 


S acer a 7” f = : : " as v : : - > 7 me ; - 


» 2 =x 


a oe ae af =] 
7 4 ‘ Pd = £, 


, a aie A 
ta. >] 
Sa eee 


ee + eee 


vu 


18 


3% a pregnant group that did not run and maintained 
normal laboratory routine for the duration of 


pregnancy (pregnant non-running control, PNRC) 


4, a non-pregnant group that did not run and 
maintained normal laboratory routine for the 


duration of experimentation (control, C). 


IMPREGNATION: 

After identification of the appropriate groups, a male 
was introduced into the cages housing the paired female rats 
(PR and PC). The trio lived together until the females 
reached a weight of 300 g and exhibited definite abdominal 
Swelling (this was based on the results from the MILD 
experiment). The females were then housed separately to 
eliminate mixing of the forthcoming litters. The separations 
occurred at approximately day 15, the beginning of the last 
third of pregnancy (gestation is about 21 days, Baker et 


ales’ 1979) 


RUNNING PROGRAM DURING PREGNANCY: 

The PR-MILD group began the running program 4 days 
after the males were introduced into the cages. Four days of 
rest from exercise were given to increase the likelihood of 
pregnancy (estrous cycle = 4 days, Baker et al S PaVOT Oe 


However, the results of the MILD experiment showed that this 
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was not necessary and consequently, PR-MOD and PR-SEV began 
the pregnant exercise program with only 2 days of rest. The 
PR rats continued their respective running program (MILD, 
MOD, or SEV) until the pups were born. The average treadmill 
Speeds were again recorded as in the progressive treadmill 
exercise program by measuring the rate before and after each 
exercise bout. A record was also kept of each rat's running 
behaviour (see Appendix B) to determine how the pregnant 
rats were coping with the specific intensity of exercise. If 
a pregnant rat was consistently shocked or injured while 
running, it was removed from the study. However, if a 
Superficial injury occurred, especially in the severe 
intensity experiment, an antiseptic was sprayed over the 
wound and the rat was usually given one day of rest from 
running. All the female rats were again weighed daily at 
approximately the same time, and on the days when exercise 
took place, just prior to the pregnant running rats' 
exercise session. The cages were again shifted to the right 
in the three tiered storage rack after completion of each 
exercise bout, so that the PR rat in the last cage ran first 
the following day. 

In the SEV exercise experiment, because the running 
time for the PR group was 120 minutes, the PC group was 
removed from food, water and the influence of the male 
during the same time period. The additional two hours of 
food and water available to the PC group five times/week may 


have made a difference in body weight gain during pregnancy. 
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Using the outlined procedure, this variable was eliminated. 


GROSS MORPHOLOGICAL ASSESSMENT OF NEONATES: 

As soon after birth as possible, within a maximum of 20 
hours (depending on when birth occurred), the number of 
newborns/litter and each pup's gross body weight was 
recorded. At this time the neonates were also checked for 


superficial gross abnormalities. 


SEV Neonatal Postmortem Procedure: 

Five newborn rats selected at random (using a random 
numbers table) from each litter in the SEV experiment only 
(PC and PR) were sacrificed using ether, as soon as possible 
(again within a maximum of 20 hours) after birth. The 
following organs were removed and immediately weighed: 
brain, heart, lungs, liver and kidneys. These organs were 
chosen for analysis to determine if the SEV exercise 
intensity altered fetal environment. Neonatal brain, heart, 
liver and kidney weight may reflect a reduction in fetal 
nutrition or fetal oxygenation. Neonatal lung weight may 
reflect alterations in amount of amniotic fluid. 


The following procedure was used to remove the five 


organs: 


Je The skin and skull were incised at the superior 
midline with a pair of scissors, 
postero-anteriorly. The entire brain was removed 


after severing the medulla oblongata at the 
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foramen magnum. The optic tissues were also 


included in the brain weights. 


2 A midline incision was also made through the skin 
and sternum with a pair of scissors. The ribs were 
cut on the left side and the heart exposed. The 
heart was removed after cutting the great vessels 


at their roots. 


3% Another incision was made on the right side of the 
thorax through skin and ribs to expose the right 
lung. Both lungs were removed after severing the 


bronchi and vessels at the hilus of the lung. 


4, A midline incision was made in the abdomen. The 
liver was exposed in the right upper quadrant and 
removed after cutting any ligamentous material and 


vessels. 


5% The kidneys were located retroperitoneally and 
were excised after cutting the structures at the 


renal hilus and also after detaching the adrenal 


glands. 


All of the organs were weighed immediately after excision on 
a digital balance accurate to the nearest 0.001 g. The 
balance was cleaned after each weighing. 

After excision of the specified organs in the same 
neonates of the PC-SEV and PR-SEV groups, three skeletal 


muscles were also removed; the right costal segment of the 
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diaphragm, the left gastrocnemius, and the medial left 
sternomastoid muscles. These three newborn skeletal muscles 
from different parts of the body were analysed to represent 
changes that may occur as a result of the maternal SEV 
exercise intensity. The diaphragm muscle was chosen for 
analysis because maternal exercise has been shown to 
increase fetal breathing movements (at least in the human) 
which are diaphragmatic in nature in the fetus and newborn 
(Manning, 1977). Perhaps any change in the development of 
this muscle due to increased usage would be reflected in the 
analysis. The sternomastoid and gastrocnemius muscles were 
chosen to represent the cephalic and caudal ends of the 
developing fetus, respectively. The sternomastoid muscle 
receives its blood supply from a branch of the external 
carotid and was selected to represent the cephalic end of 
the fetus. Gastrocnemius was chosen to represent a lower 
limb compartment from the caudal end. If fetal blood is 
redistributed from the caudal end of the fetus to favour the 
Cranial end, this effect might also become manifest in the 
development of these particular muscles. 

These neonatal muscle samples were placed in an agar 
block with the fibers oriented for a cross-sectional cut and 
fixed to a piece of cork, which was immediately frozen in 
isopentane cooled in liquid nitrogen (-160°C) (Bancroft and 


Stevens, 1982). The blocks were then stored at -60°C until 


sectioning. 
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Histological and Histochemical Procedures: 

The neonatal skeletal muscle tissue was cut at -20°C in 
a cryostat at 12 um thickness. The cut sections were placed 
on glass slides and stored at -60°C until staining. Just 
prior to staining the glass slides were dried at room 
temperature for 90 minutes. The slides were then stained 


using the following techniques: 


‘lie Masson's trichrome stain (Dubowitz and Brooke, 
1973) was used to colour nuclei, collagen and 
cytoplasm. This determined the histological 


morphology of the muscle tissue. 


2s A modified Guth and Samaha (1969) myosin ATPase 
Stain (preincubated at pH 10.4) procedure (see 
Appendix C) showed the ATPase enzymatic activity 


of the muscle fibers. 


Si NADH-tetrazolium reductase (Dubowitz and Brooke, 
1973) was used as a reaction for oxidative enzymes 
(which left a purple formazan deposit) and 
demonstrated the oxidative potentials of the 


muscle tissue (Bancroft and Stevens, 1982). 


Stereological Assessment: 
Black and white PAN-X film was used to photograph the 


skeletal muscle slides stained with Masson's trichrome from 
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the neonates in the SEV experiment (magnification X 40). The 
film was developed into negatives and a contact print was 
made of each roll of film. A Zeiss Jena plaque viewer 
projection unit was used to magnify the negatives (X 6.5). 
Stereological techniques were used to analyse the following 


muscle characteristics: 


Le Muscle fiber diameter was analysed using the 
concentric circle test lattice technique outlined 


by Mayhew et ai]. (1977). 


Pa The nuclear position of the muscle fibers was 
observed and the percentage of centrally located 


nuclei (as opposed to peripheral) was determined. 


o% The ratio of muscle tissue:connective tissue was 
assessed by using a line-grid test lattice 


(Weibel, 1973; Dias, 1974; Mayhew et al]., 1977). 


The grid area was 10 cm X 10 cm with the grid lattice lines 
1 cm apart. The following formula was used to calculate the 
muscle tissue:connective tissue ratio. 
Pa 
vv(a,c) = Pc 


where: 


vv(a,c) = volume density of component a (muscle) in the 


containing volume Cc. 


Pa = number of test points falling on component a 


(muscle) 
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Pc = total number of test points (100). 

With a test area of 10 cm X 10 cm the estimated error of Vv 
would be 10% (Weibel, 1979). 

These stereological techniques were used to determine 
the histological development of neonatal skeletal muscles. 
These histolological assessments were based on Dubowitz 
(1968) who reported that rat newborn skeletal muscle had the 


following histological characteristics; 


+; nuclei were relatively large and tended to be 


centrally located 


2% muscle fibers were 'rounded' in shape (not 


polygonal as in adult muscle) 


oy muscle fibers were grouped together loosely by 
endomysial connective tissue (not arranged in 


compact bundles as in adult muscle). 


The neonatal diaphragm, sternomastoid and gastrocnemius 
muscles were analysed in this way to assess the effects of 
the SEV maternal exercise intensity on skeletal muscle 
development. The other slides stained with ATPase and NADH 
from the neonates in the SEV experiment were not 
photographed but were analysed microscopically in 
conjunction with serial sections treated with trichrome 
Stain. These slides were assessed by direct observation to 
determine whether fiber differentation had occurred. If 


fiber differentiation had occurred, black and white PAN-X 
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film was again used to photograph the slides. The negatives 
were analysed using the same line-grid test lattice 


procedure to determine the ratio of type I muscle fibers. 


GROSS MORPHOLOGICAL ASSESSMENT OF MATERNAL RATS: 

The postpartal weights of all the maternal rats were 
recorded as soon after parturition as possible (within 20 
hours, depending on when birth occurred). In addition to 
this the maternal rats in the SEV experiment were used to 


analyse maternal body components. 


Postmortem Procedure: 

The maternal rats in the SEV exercise experiment (PC 
and PR) were weighed postpartally and then sacrificed using 
ether. A midline ventral incision was made through the skin 
and subcutaneous tissue using sharp scissors. Care was taken 
not to disrupt the muscular tissue found deep to the 
Subcutaneous tissue. The skin, Subcutaneous fat and mammary 
tissue were then carefully dissected away from the muscle on 
the ventral aspect of the animal using a blunt close-open 
scissor technique. Care was taken not to damage the large 
vessels in the neck region. Some blood was lost when the 
vessels to the mammary glands were cut. A superficial 
incision was made around each limb immediately superior to 
the ankle joint. A longitudinal superficial cut through skin 
and subcutaneous tissue joined this incision to the ventral 


midline cut. Again, care was taken not to disturb any of the 
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underlying muscular tissue. Another circumferential 
superficial cut was made around the base of the tail and 
around the urogenital and rectal region. The rat was then 
placed in a prone position and the same blunt dissection 
technique was used to remove the skin and subcutaneous 
tissue. The subscapular fat pad was included with the skin 
and subcutaneous tissue. In the head region the ears were 
cut near the base and included with the skin portion. The 
skin was gently pulled over the head and removed from the 
body by a cut made at the end of the nose. The skin (which 
included subcutaneous tissue and mammary gland) was then 
weighed immediately on a digital balance to the nearest 0.1 
g. The scale was cleaned after each weighing. The remainder 
of the carcass (including the tail) was also weighed to the 
nearest 0.1 g and both weights were recorded. 

Another group of female rats, NPR, who underwent the 
same SEV exercise program as the PR group but who were not 
pregnant, were also sacrificed and skinned in the same 
manner at this time. The NPR skin weights and remaining 


carcass weights were also recorded to the nearest 0.1 g. 


STATISTICAL ANALYSIS: 

The data from the three experiments were examined 
individually using a paired Student's t-test (Avner, 1980) 
for each of the paired PC and PR groups (MILD, MOD and SEV). 
The PC and PR groups for MILD, MOD and SEV were then 


compared collectively using a one-way analysis of variance 
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(ANOVA) (Avner, 1980). Both of these statistical procedures 


were performed on each of the following: 


1. 


9. 


the weights of the female rats on the day of 


conception, 
the number of days prior to conception, 


the last recorded pregnancy weights before giving 


birth) 


the cumulative weight gained each day during 


pregnancy, 


the postpartal weights for the pregnant groups 


within 20 hours after giving birth, 


the postpartal weight gain (weight on day of 


conception minus postpartal weight), 
the mean weights of each litter, 
the average number of neonates per litter, and 


the average total litter weights. 


A three-way analysis of variance (ANOV30 - DERS, University 


of Alberta) using a repeated measures factor for time was 


performed on the weights of the female rats on day of 


conception, the last recorded pregnancy weights before 


giving birth and postpartal weights for the MILD, MOD and 


SEV experiments. In the SEV exercise experiment the maternal 
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skin weights and the carcass remainder weights of the PC and 
PR groups were compared to the NPR group using a one-way 
analysis of variance (Avner, 1980). Also in the SEV 
experiment, the newborn organ weights of the PR and PC 
groups were compared using a Student's t-test (Avner, 1980). 
The histological assessment of the neonatal skeletal muscle 
from the SEV experiment was statistically analysed using a 
one-way analysis of variance (Avner, 1980). Significance for 
all statistical tests was accepted at the p<0.05 level. 
Post-hoc analysis (Scheffé and Neumann-Keul Multiple Range 


test) was performed on significant ANOVA results. 


es 


bon. D4, off Jo aartgian 4 nie | ig 
| ‘iy pee s ay 
yaw ond & nieuw queng 4 


Va2' suid ni OBDA ‘at 

ne 

9 Bis a4 edt te ‘aie A 

(0821 ,t9mve&) ROT ae 


2foaum. Lesolede Ledenasn om 3 


103 soneel tine ke ; _ (Oset pes 


, 
Level 30,0%q sd ‘de ae 


Pra = PN 


spnek alg fv tuM Lratrnetegmur bei h 24 
aiiodet Aveta: insolFing ie, 


F A 
[ wos 
a | b YY mu ’ 
{ ‘ j ni ian te 
\ ; aid 
vA Arr 
| ea, 
mit a w 
? : = $ 
¢ es % 
—— : w 
= > &, + 7 oa ay) wr 7 
7 -_ * - - a 2G Ft 
. i 
{ ’ ; ' ° 
Ul : V4 7 ee - 
te \ " a» 


RESULTS 


The results will be presented in two sections with the 


neonatal data and maternal data separated to facilitate 


discussion. The neonatal data will be presented in four 


parts: 


lee 


4. 


comparison of average values found for the 
neonates born to the PC and PR groups in each of 
the three exercise intensity experiments; MILD, 


MOD and SEV, 


neonatal organ weight analysis from the SEV 


exercise experiment, 


neonatal skeletal muscle analysis from the SEV 


exercise experiment, 


summary of neonatal results. 


The maternal data will also be presented in four parts; 


1. 


maternal gross morphological data and maternal 
body weight gain during pregnancy (MILD, MOD, 


SEV), 
maternal postpartal weight, 


maternal body component analysis (skin weight and 


carcass remainder weight) for the SEV exercise 


experiment, 
summary of maternal results. 
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NEONATAL DATA: 

Table 4 shows average neonatal body weights, number per 
litter, total litter weights, abnormalities observed and 
mortality for the PC and PR groups for the MILD, MOD, and 
SEV experiments. No significant differences were found 
between any of the respective values for all of the three 
levels of exercise (p>0.05).-In particular, the PR groups 
for each of the three exercise intensities gave birth to 
neonates with average weight values equivalent to their 
paired controls in the PC groups. None of the three exercise 
intensities studied caused a change in neonatal body 
weights. Further, the average number of neonates born per 
litter was not significantly different for the three 
exercise intensities (p>0.05). However, it is interesting to 
note that at all levels of exercise the PC groups gave birth 
to a larger average number of neonates per litter than the 
PR groups (approximately two in each case), even though 
these values were not significantly different. Mean total 
litter weight values of the two groups were also not 
significantly different, although the greater number of 
neonates found in the PC groups gave rise to the slightly 
higher total litter weight values. 

Each neonate was also examined closely for gross 
superficial abnormalities, such as limb deformities and 
cleft palate. No abnormalities were observed. However, two 
neonates were found to be dead when the litters were 


examined. One was discovered in the PC-MILD group, the other 
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in the PC-MOD group. It was not known whether these neonates 
were stillborn or died after birth as post mortem 
examination was not performed. No neonatal deaths were found 


in any of the litters born to the PR groups. 


Neonatal Organ Weights - SEV Experiment: 

Table 5 presents the average wet organ weights for the 
five randomly selected neonates per litter in the PC-SEV 
(N=40) and PR-SEV (N=40) groups. No significant differences 
were found for any parameter. There were also no differences 
found in the ratios for neonatal brain weight:body weight, 
heart weight:body weight or in lung weight:body weight 
(p>0.05). The SEV exercise intensity did not cause a change 
in organ weights or in organ:body weight ratios in the 


neonates born to the PR group. 


Neonatal Skeletal Muscle Analysis - SEV Experiment: 

The results from the neonatal skeletal muscle analysis 
are found in Table 6 (see plates 1A and 1B; 2A and 2B in 
Appendix E). No significant differences were found between 
the PC and PR groups in the average muscle fiber diameters 
of gastrocnemius, sternomastoid or diaphragm muscles 
(p>0.05). However, the diaphragm muscle in both groups of 
neonates had significantly larger average fiber diameters 


than the average gastrocnemius and average sternomastoid 


fiber diameters (p<0.05). 
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The average percentage of total muscle fibers analysed 
that contained centrally located nuclei is also presented in 
Table 6. Average values for the number of centrally placed 
nuclei in sternomastoid muscle were not different from 
gastrocnemius in either the PC or PR groups (p>0.05). It is 
interesting to note that the diaphragm muscle had 
Significantly fewer muscle fibers with centrally placed 
nuclei than either the gastrocnemius or sternomastoid 
muscles in both the PC and PR groups (p<0.05). 

Table 6 also demonstrates that the average ratio of 
muscle tissue:connective tissue was not significantly 
different in either group for all three muscles; 
gastrocnemius, sternomastoid, or diaphragm (p>0.05). In 
analysing the histological neonatal results, the SEV 
exercise intensity did not alter the development of 
sternomastoid, gastrocnemius or diaphragm muscles in the 
neonates of the PR group when compared to the neonates of 
the PC group. This exercise intensity also did not appear to 
alter the development of the caudal end represented by 
gastrocnemius muscle when compared to the cranial area 
represented by sternomastoid muscle in the PR neonates when 
compared to the control neonates of the PC group. Both 
cranial and caudal muscles from both groups of neonates did 
not differ histologically. However, the diaphragm muscle in 
both groups of neonates may be slightly more advanced 


developmentally because of the Significantly fewer number of 


centrally placed nuclei. 
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The histochemical analysis of ATPase enzyme activity 
Showed no neonatal muscle fiber differentiation of fiber 
types in either group for both gastrocnemius and 
sternomastoid muscles (see Table 6). The diaphragm muscle, 
however, did show differentiation into type I and type II 
fibers with regards to potential ATPase enzyme activity at a 
PH of 10.4. The average number of type I diaphragm muscle 
fibers counted per slide was not significantly different 
(p>0.05) for the neonates of the PC and PR groups. Both 
groups had the same percentage of type I muscle fibers in 
the diaphragm muscle. The histochemical reaction for NADH, 
however, failed to differentiate muscle fiber types in the 
diaphragm muscle, and also in sternomastoid and 
gastrocnemius muscles for either group of neonates. The SEV 
exercise intensity undertaken by the PR group did not appear 
to histochemically alter the neonatal skeletal muscles 
analysed when compared to the neonates of the PC group. The 
histochemical analysis of diaphragm muscle also indicated 
that this muscle may be more developed than both the 
gastrocnemius and sternomastoid muscles in both groups as 
type I and type II muscle fibers had differentiated in 
diaphragm muscle but not in the other two. However, 
diaphragm muscle enzymatic development was not complete 


because the NADH reaction failed to differentiate the muscle 


fibers into the appropriate fiber types. 
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Summary of Neonatal Results: 

The results indicated no significant difference between 
the PC and PR groups for the MILD, MOD and SEV experiments 
with regard to average neonatal size, number per litter, or 
total litter weight. Furthermore, no superficial gross 
abnormalities were observed. Neonatal organ weights analysed 
from the SEV exercise experiment also exhibited no 
Significant difference between the PC and PR groups, nor did 
the average heart:body weight, the brain:body weight and the 
lung:body weight ratios. Based on the histological and 
histochemical results, no difference was found between the 
neonates of the PC-SEV and the PR-SEV groups in skeletal 
muscle analysis. The diaphragm muscles of both groups of 
neonates (PC-SEV and PR-SEV) may have been more developed 
than the gastronemius and sternomastoid muscles of these 
Same neonates because diaphragm muscle had fewer muscle 
fibers with centrally placed nuclei and the analysis of the 
enzymatic ATPase activity in diaphragm muscle showed 
differentiation into type I and type II muscle fibers. On 
the basis of the neonatal data presented, maternal exercise 


during pregnancy appeared to exhibit only minimal effects if 


any on the neonates. 


MATERNAL DATA: 
Gross Morphological Data and Body Weight Gain: 
The gross morphological data for the PC and PR groups 


from each of the three exercise intensity experiments (MILD, 


neowied! omheied } ib gem z 
aiiominaqae Vee ns GON, yan 
TO pBOP SLE wate reerhonten as bel Ba f 

he 2k Demeyua: ont ‘ ft 

Beeyleric: ardplow, cagaeide 

on, bedididue ocala) a 

hih won eticee 2 fos D9 gee. 4 

sit ans arty teow (hod indard edd ix 
Bab lasiegloseda, ade 10 

ait oeewded Ghee? Paw a ll iS 
betoleta nf aquode ee, ata 

to eqvoup  ditod ‘aan mache 

beqolswab liad Reni 

gaerd Yo gett 0 
sinew came ina 


so ‘agit sitenel ay dah ne 
sidan ich sel nan 


ti atoodte Lemialm ybno sadaays O21] 


on ee 
| nee a 


inven sigdew set oma dilbaineeie eeord 
equete Ha Bee 33. edd 30% edeb: fadipetoriqom eeore yodr 
(sm) adrami vegas ysiensint saioisxe eetdy sig to dose moy2 


! 


32 


MOD, SEV) are found in Table 7. Of particular interest, is 
the fact that no significant differences were found between 
these groups in average weight on the day of conception 
(p>0.05). Also note from Table 7 that the three levels of 
exercise intensity did not appear to cause a significant 
delay in the number of days required for conception to occur 
after introduction of the male into the paired female's 
cages (p>0.05) (conception was estimated by counting back 21 
days (gestation) from the day of birth). 

It was also apparent that the MILD exercise intensity 
did not cause a significant reduction in the amount of 
average weight gained by the PR group compared to the PC 
group. The cumulative average weight gain values throughout 
gestation for both groups are plotted in figure 2 (the 
actual average values are found in Table 9 - Appendix D), as 
well as the average cumulative weight gained over this same 
time period by the non-pregnant normal C group for 
comparison. However, it is interesting to observe that the 
values for cumulative average weight gained by the PR-MILD 
group were consistently less than those found for the 
PC-MILD group throughout pregnancy (p>0.05), although the 
values were never sufficiently large to be significant. In 
contrast, the PC-MILD group on average had gained 
significantly more weight than the C group by day 9 of 
gestation and this difference continued until the end of 


pregnancy (p<0.05). This was also found for the PR-MILD 
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group although the significance in weight gain was delayed 
until day 14 of gestation. This significant difference also 
continued for the duration of pregnancy (p<0.05). 

From Table 7 it can also be seen that the MOD and SEV 
exercise intensities appeared to cause a significant 
reduction in the average amount of weight gained by the 
maternal rats during pregnancy (p<0.05). The PC-MOD group 
gained an average of 33.9 g more than the PR-MOD group by 
the end of gestation and this difference became 
Significantly large by day 8 of pregnancy (p<0.05) (see 
figure 3; actual average values found in Table 9 - Appendix 
D). The same values of cumulative average weight gain for 
the C group (as in figure 2) were also plotted in figure 3. 
Again, the PC-MOD group was significantly different from the 
C group in average weight gain (apparent by day 8 of 
gestation (p<0.05)). The PR-MOD group, however, did not 
become significantly different from the C group until day 16 
of pregnancy. 

From Table 7 it is also apparent that the PC-SEV group 
had gained significantly more weight than the PR-SEV group 
by day 11 of gestation and this difference was significant 
for the remainder of pregnancy (p<0.05) (see figure 4 and 
Table 9 - Appendix D). By the end of gestation, the PC-SEV 
group weighed 38.1 g more than the PR-SEV group (p<0. 05); 
The average cumulative values for the C group in weight 
gained over this time period were also included in figure 4. 


Again, the PC-SEV group was found to be Significantly 
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different to the control group in body weight gain by day 6 
of gestation and this difference was significant for the 
remainder of pregnancy (p<0.05). The PR-SEV group, however, 
did not become significantly different from the C group 
until day 16 of gestation (last third) and this difference 
also remained significant for the duration of pregnancy 
(p<0.05). 

The cumulative values for average body weight gain from 
another group of non-pregnant rats, the NPR-SEV group, were 
also included in figure 4 (see also Table 9 - Appendix B). 
The amount of weight gained by the NPR-SEV group was found 
to be significantly less than the C group by day 11 of this 
time period. This significant difference continued between 
the two groups for the remainder of the experiment (p<0.05). 

It is perhaps important to emphasise that both the MOD 
and SEV exercise intensities caused a reduction in maternal 
weight gain which became significant by day 8 (MOD) and day 
11 (SEV) of gestation (mid-gestation). In both groups this 
difference remained significantly large for the rest of 
gestation. It is also important to note that both the PC-MOD 
and PC-SEV groups gained more weight than the non-pregnant C 
group and these differences became significant by days 8 and 
6 of gestation, respectively (end of the first third). This 
is in contrast to both the PR groups (PR-MOD, PR-SEV) which 
also gained more weight than the non-pregnant C group but 
the increasing difference due to pregnancy appeared to be 


delayed and did not become significant until day 16 of 
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gestation (last third). 


Maternal Postpartal Weight: 

It 1S interesting to note that when the the maternal 
rats were weighed postpartally, the MILD exercise did not 
appear to influence postpartal weight gain values 
(postpartal weight minus weight on day of conception) when 
comparing the PR to the PC values (p>0.05) (see Table 7). 
However, when the MOD and SEV exercise intensities were 
examined, both the PR-MOD and PR-SEV groups had 
Significantly lower postpartal weight gain values than their 
respective paired control group after having given birth 
(p<0.05) (see Table 7). It seems, therefore, that both the 
MOD and SEV exercise intensities appeared to affect maternal 
body weight gain throughout gestation and this effect 
remained manifest in the maternal weight gain values when 
examined postpartally. 

When the overall effect of the three intensities of 
maternal exercise was examined on maternal postpartal weight 
gain values using the ANOVA method of analysis, no 
significant interaction effect was found between the three 


intensities of maternal exercise (p>0.05). 


Maternal Body Component Analysis for the SEV Experiment: 
Table 8 presents the results of the maternal body 
component analysis for the SEV exercise experiment. The body 


component analysis of the NPR group was also included in 
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this table for comparison. Of particular interest is the 
fact that no significant difference was found between the 
average postpartal weight for the PR group (257.6 g) and the 
average weight on day 22 for the non-pregnant NPR group 
(252.2 g), even though the PR group had just given birth. In 
contrast, the PC group (282.7 g), which had also just given 
birth, had significantly heavier postpartal weights when 
compared to both the PR and the non-pregnant NPR groups 
p< 02054 

It must be mentioned, however, that one rat from the PC 
group and another from the PR group were not included in the 
average weight values found in Table 8 due to severe 
hemorrhaging during the skinning process. These values may 
have incorrectly influenced the results. Also, for those 
rats included in the calculations, slight weight reduction 
occurred between pre- and post dissection total weight 
values due to small amounts of blood and fluid loss, but 
these losses were less than 1% of total body weight values. 

The results of the maternal body component analysis 
indicated that the PC group had 10.5 g more of the skin 
component which included subcutaneous fat and mammary 
glands, than the PR group (p<0.05), whilst the average value 
for the remainder of the carcass was found to be 15.7 g more 
in the PC group when compared to the PR group (p<0.05). It 
is interesting to note that the PC group had a heavier 


average skin component and also a heavier carcass remainder 


component than the average PR values. 
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In comparing the results with the NPR group, it can be 
seen (Table 8) that the PR group had an average of 6.1 4g 
more Skin component, but this difference was not 
sufficiently large to be significant (p>0.05). The PC group, 
however, had an average value of 16.6 g more skin component 
than the non-pregnant NPR group and this was sufficiently 
large to be significant (p<0.05). The average weight found 
for the remainder of the carcass was almost identical in the 
PR (211.8 g) and NPR (213.5 g) groups, while the PC group 
(227.5 g) had an average value of 14.0 g more than the NPR 


group (p<0...05) ; 


Summary of Maternal Results: 

The results indicated that the three exercise 
intensities (MILD, MOD, and SEV) did not cause a delay in 
conception for the PR groups. Although the average body 
weight for the maternal rats did not differ on the day of 
conception in all groups, continuation of the MOD and SEV 
exercise intensities during pregnancy resulted ina 
Significant reduction in body weight gain for the PR-MOD and 
PR-SEV groups by mid-gestation. This significant difference 
continued until parturition. The significant reduction in 
maternal body weight gain values was also found postpartum 
but again only for the PR-MOD and PR-SEV groups. In the SEV 
exercise experiment, the PC group had a heavier skin 
component and carcass remainder component than both the PR 


and the non-pregnant NPR groups, whilst the PR group did not 
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differ significantly from the NPR group in either of these 
body components. On the basis of the maternal data presented 
there appeared to be minimal effects on the maternal rats 
who undertook the MILD exercise intensity during pregnancy 
whilst the MOD and SEV exercise intensities caused a 
Significant alteration in the maternal system as indicated 
by the reduction in maternal weight gain during gestation 


and after parturition. 
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DISCUSSION 

Discrepancies exist in the literature with respect to 
the effects of maternal exercise on fetal growth and 
development. The factors which may contribute to these 
discrepancies are briefly mentioned here but are elucidated 
further in the Review of Literature (see page 104). In order 
to facilitate discussion of the present results with the 
current literature there are several factors that must first 
be considered. 

There are three major factors upon reviewing the 
literature which may cause these discrepancies. One of these 
factors relates to the different animal species used (such 
as sheep, guinea-pigs, mice, rats or humans) for 
experimentation in maternal exercise. The exercise may 
affect each animal species in different ways and because of 
this the following discussion will be centred mainly on 
maternal mice, rats and guinea pigs, with emphasis on 
studies pertaining to rat data. The second major factor 
concerns the familiarization and/or training of the maternal 
animal before pregnancy. If the animal is not familiarized 
to the equipment before experimentation is initiated, the 
stress of a different environment may compound the actual 
stress of the exercise on the pregnant animal. Also the 
training itself leads to many physiological alterations in 
the non-pregnant animal (Cumming and Belcastro, 1982; 
Cumming and Rebar, 1983) which may alter the animal's 


response to exercise during pregnancy and the resultant 
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fetal outcome. The third major factor is the use of 
different exercise intensities which includes varying the 
duration of the exercise, speed of the treadmill, and 
inclination of the treadmill. It is difficult to compare the 
effects of maternal exercise between different studies when 
the intensities of exercise are different. In human studies 
another variable, that of weight bearing exercise (treadmill 
running) aS opposed to non-weight bearing exercise (bicycle 
ergometer) is added to compound the problem. The extra 
weight of pregnancy in addition to the maternal exercise may 
stress the pregnant woman differently than if her weight was 
Supported and this may also alter the results. 

Several other factors, also leading to discrepancies in 
the literature, should not go without mention. For instance, 
the technique used to "prompt" the animal to run, Such as 
electric shock grids may add undue stress on the exercising 
animal, affecting the results (Wilson and Gisolfi, 1980). 
Another consideration is whether invasive techniques are 
used to monitor maternal heart rate or fetal blood flow, 
while the maternal animals are exercising, for this may also 
place stress on the maternal and fetal systems. Depriving 
the maternal animal of food or water for any length of time 
before the maternal exercise, may also alter the results 
because nutrition is an important element in fetal growth 
and development (Young, 1976). All of these different 
factors must be considered as they may affect the results 


and make difficult any comparisons with the available 
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literature. The discussion in the present study will be 
presented in two major sections: neonatal data and maternal 


data. 


NEONATAL DATA: 

The results of the present study showed that average 
neonatal body weights from all three maternal exercise 
intensities (MILD, MOD, and SEV) were not significantly 
different from the control values. This agreed with the 
findings of Parizkova, 1975; Erkkola, 1976b; Dressendorfer, 
1978; Parizkova and Petrasek, 1978; Gilbert et a]., 1979; 
Collings et a/J., 1981; Harrison, 1981; Ruhling et a/., 1981; 
Woodward, 1981; and Collings et a/]., 1983, all of whom did 
not demonstrate a reduction in fetal or neonatal body 
weights as a result of maternal exercise. 

Analysis of newborns and fetal outcome measurements are 
important in assessing life in utero. Neonatal body weight 
values are a good indicator of a completely functioning 
intrauterine environment (Rush, 1973). If the intrauterine 
environment becomes compromised in some way, causing 
intrauterine insufficiency to occur during prenatal life, 
fetal growth retardation is characterized by a significant 
reduction in neonatal body weight at birth (Vorherr, 1982). 
One major factor contributing to intrauterine growth 
retardation is a marked reduction in materno-placental blood 
flow (Gilbert and Leturque, 1982) such as that which may be 


associated with maternal exercise, attributable to the 
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shunting of uteroplacental blood to the working muscles of 
the mother during exercise (Morris et al., 1956; Longo et 
Ginter 2W8zePerno)] ete aly, J 978y0 Artaloetral .4(4984)siin 
Support of this, several authors have shown a reduction in 
fetal body weight values as a result of maternal exercise 
(Terada, 1974; Dhindsa et a]., 1978; Longo et al., 1978; 
Gilbert et a]., 1981; Nelson et al]., 1983), which would 
disagree with the results of the present study. The 
reduction in uteroplacental blood flow may result in 
intrauterine growth retardation because of the decrease in 
oxygen availability and reduced levels of nutrition 
available to the developing fetus (Young, 1976). However, 
there are other groups of researchers who would dispute the 
alterations in uteroplacental blood flow and fetal outcome 
associated with maternal exercise. For example, Curet et al]. 
(1976) and Dale et a]. (1982) reported no significant 
reduction in uteroplacental blood flow concomitant with 
maternal exercise. 

The average neonatal body weights found in the present 
study did not differ from average control neonatal weights 
for rats presented in other reports (Buhrdel et al., 1978; 
Palou et al., 1983). However, Buhrdel et a]. (1978) and 
Palou et al. (1983) used Wistar rats in their reports on 
neonatal development and this must be borne in mind when 
comparisons are made to the present study in which 


Sprague-Dawley rats were used for experimentation. 


te 


jo aeinawm enidvtow erg oF 


145 lope ROMY, sla Ret Pe 


ni nottouber s awote svea ang oe 
on boysag. Lanissam-2o. glowed . 6 inte 
ate] to opted, yavet maces 
Shown ie oo os hieal eel 
ait .youoe ¢opeeag oad Ye borepasy ol 4 

at 7loaedt yem, wold boot¢: iadallebaaitnde ai 

it sesorseb She to salaped noi cebonseD, AmmRe anit 
iain, to cated, babe ‘hs sattiantinve 


, Tavowok . (aRer int uted 


amoniuy Lata? Bag sigh wey cai | 
le 3S "P5400)4 9 iqiaexe — Pe | 
Ines 2 Ope on Sesroges vale ave elsd bas 4a 

tviw inst tmeongy" dai Heo eee ai node 
)* eetbisxe 6 194 

insvesq sis nt badge seyaien A Sebi aeons oti ce. ) 
a eip few ncaa RRaawiee speisve, mpd THRLib ton, Hib. vy 7 "| 
TATE “oe 26 istudwe) atiogas 194300 nb bedne293q atax 203 
brs Care) ote +s iebedug revewoH 4 (eRer ..ls ts peoted 
no ednodsiatead vi 2iqx Tadeiw beau (€6er) .\s te voles 
ne bain nf enrod sa eye sida ‘fans dnamyoieveb Lastsagen 
fotdw mi gbuse sngesta jane od ehet ors enceiasqmo. 


Moijisinemixagxe 102 be@e obew etan yolwad-superge 


56) 


When the literature was reviewed for control values of 
thei tter"sizés for ‘rats,/\ a’ range’ of ‘8)*to' 16) Offspring ‘per 
litter were found. The average value for the litter size of 
control rats in the study by Buhrdel et a]. (1978) using 
Wistar rats was reported as 8.85 +2.56. This average value 
was within the control range of approximately 9 to 12 
offspring per litter found in the experiments of Parizkova 
(1975); and Parizkova and Petrasek (1978), who also used 
Wistar rats. Wilson and Gisolfi (1980) found an average 
value of 9.5 +3.5 neonates per litter in control 
Sprague-Dawley rats. Atherton et a]. (1982) reported an 
average range of 8 to 16 offspring also born to control 
Sprague-Dawley rats. The average litter values in the 
present study were found to be within these normal ranges 
reported for both Wistar and Sprague-Dawley rats. It would 
appear that maternal exercise in the present study did not 
cause a change in the average number of neonates found per 
litter in maternal rats who ran during pregnancy. The 
results of the present study confirm reports by Parizkova, 
1975: Parizkova and Petrasek, 1978; and Wilson and Gisolfi, 
1980: all of whom reported no change in average litter size 
as a result of maternal exercise in rats. 

With regards to total litter weight values, Vorherr 
(1982) reported that in rats, the total birth weight of a 
litter should be approximately 20% that of maternal weight. 
With a mean litter size of 10 offspring, the birth weight of 


one pup would be 2% that of the maternal rat (Vorherr, 
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1982). When these proportions were examined in the present 
study it was found that in all the maternal groups of rats, 
the average litter weight values were not significantly 
different from 20% of maternal weight and the proportionate 
percentage of one offspring (average neonatal weight) to 
average maternal weight was not significantly different from 
2% (see Table 10 in Appendix D). These average values again 
confirm the concept that no differences in fetal outcome 
were apparent when the offspring of exercised mothers were 
compared to those from control animals. 

Another factor which may contribute to intrauterine 
growth retardation and the reported smaller birth weight 
values found in the literature, is a decrease in the amount 
of amniotic fluid (oligohydramnios). In rats, 
oligohydramnios has been associated with smaller birth 
weights, fetal abnormalities such as cleft palate, limb 
deformities and an increase in fetal mortality (Symchych and 
Winchester, 1978). It is not presently known whether the 
combination of exercise and pregnancy may lead to maternal 
dehydration, but a diminished maternal blood volume may 
consequently reduce the amount of amniotic fluid leading to 
oligohydramnios (Longo, 1983). A few studies have reported 
an increase in mortality rates and smaller birth weights in 
the offspring of mothers who ran during pregnancy (Terada, 
1974: Wilson and Gisolfi, 1980), but these results would 
disagree with the findings of the present study. The 


association of oligohydramnios, intrauterine growth 
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retardation and maternal exercise has not yet been 
investigated. 

One possible link between maternal exercise and 
intrauterine growth retardation centres on the fact that 
maternal exercise may also elevate maternal body temperature 
(Medical Tribune World Service, 1983). Exercise in 
non-pregnant rats has been shown to elevate core body 
temperature (Francesconi and Mayer, 1983). Hyperthermia in 
the rat fetus has been shown to cause birth defects, 
especially in the fetal brain and intrauterine growth 
retardation (Edwards, 1974). It is not known, however, 
whether the extent of assumed elevated maternal body 
temperature resulting from maternal exercise is sufficient 
to affect the developing fetus. Each neonate in the present 
study was examined for superficial gross abnormalities but 
none were observed; nor were the birth weight values 
Significantly reduced in the neonates of the maternal rats 
who ran during pregnancy. This is in contrast to Terada 
(1974) who reported that pregnant mice (untrained) forced to 
run repetitively during mid-gestation exhibited an increase 
in fetal mortality (including resorption and maceration), a 
decrease in fetal body weight and a delay in fetal skeletal 
ossification when compared to control values. It is not 
known, however, whether oligohydramnios, maternal 
hyperthermia or a diminished uteroplacental blood flow, or 
any, or all of these factors, were contributors to 


alterations in fetal outcome found in Terada's (1974) study. 
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Terada (1974) also reported that in another group of 
mice who were trained before pregnancy, no fetal 
malformations were observed and fetal mortality rates were 
reduced when compared to the results of his previous group 
of mice who ran only during mid-gestation. This is important 
to note because the results of Terada's (1974) study would 
suggest that training before pregnancy may have reduced the 
otherwise teratologic effect of maternal exercise in fetal 
mice. In the present study the maternal rats were subjected 
to a prepregnancy progresSive running program which 
corresponded to the specific exercise intensity to be run 
during pregnancy by the MILD, MOD and SEV groups, 
respectively. The progresSive running programs were not 
specifically designed to "train" the non-pregnant rats, but 
rather to accustom them to treadmill running. Physiological 
alterations associated with training, such as increased 
cytochrome oxidase activity in skeletal leg muscle, or in 
VO2max, for example, were not examined in the present study. 
The two week prepregnancy program of running, however, may 
have played a role in reducing the effects of maternal 
exercise on the fetus. These results would support the 
theory exemplified in Terada's (1974) study and also shown 
in other studies (Curet et al., 1976 (sheep, 3 weeks prior 
training); Dressendorfer, 1978 (human, several months prior 
training); Wilson and Gisolfi, 1980 (rat, 7 weeks prior 
training)), that prepregnancy training and familiarization 


may somehow protect the developing fetus from otherwise 
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harmful effects during maternal exercise. This theory is 
also supported by the fact that many researchers who did 
find reductions in uteroplacental blood flow and smaller 
fetal body weights linked to maternal exercise, did not 
report training or familiarizing of their maternal animals 
to running before pregnancy (Morris et a/., 1956 (human); 
Longo et al]., 1978 (sheep); Gilbert et a]., 1981 
(guinea-pigs); Nelson et a/]., 1983 (guinea-pigs)). 

It would seem then that perhaps acute repetitive 
maternal exercise during mid-gestation may affect the fetal 
environment. The mechanisms involved which may alter fetal 
environment are not known but perhaps a diminished 
uteroplacental blood supply may be one of the key issues. 

In accordance with this, two interesting studies by 
Bruce (1976; 1977), in which he ligated one uterine artery 
in a pregnant rat at various times during gestation, 
produced important results. He found that ligating a uterine 
artery on day 17 of gestation in the rat caused fetal death 
and growth retardation from an impaired uteroplacental 
circulation. However, ligation on days 1, 2 or 7 of 
gestation had no affect on fetal development and on day 10 
caused only a small decrease in fetal weights (Bruce, 1976). 
In early gestation, this lack of effect on fetal growth was 
attributed to the anastomotic development of the ovarian and 
hypogastric arteries (Bruce, 1977). This adaptive mechanism 
in early pregnancy appeared to restore the diminished 


uteroplacental blood supply to the necessary level for 
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normal fetal development. In the later stages of gestation, 
however, this mechanism could not restore uteroplacental 
blood to the appropriate level and fetal death occurred. The 
results of Bruce's (1976; 1977) studies may support the 
concept that perhaps a diminished uteroplacental blood 
supply, such as that which may occur as a result of acute 
repetitive maternal exercise in mid-gestation, may alter the 
fetal environment sufficiently to cause fetal growth 
retardation and an increase in fetal mortality as seen in 
Terada's (1974) study on pregnant mice. Adaptive mechanisms 
that are normally present during gestation such as the 
oxyhemoglobin dissociation curve and the strong affinity of 
fetal hemoglobin for oxygen (Longo, 1972), may not be 
sufficient to cope with the stress of acute maternal 
exercise and therefore fetal development is affected. In 
applying Bruce's (1977) adaptation principle, maternal 
exercise prior to pregnancy, or exercise begun in the early 
stages of pregnancy may enable adaptational mechanisms to 
develop as maternal exercise is continued throughout 
gestation. It is possible that training and familiarization 
before pregnancy or during early pregnancy may reduce the 
changes associated with maternal exercise on the fetal 
environment, perhaps allowing the fetus to cope more 
effectively. 

One of the ways in which training may reduce the 
alterations in the fetal enviromnent is by preserving 


uteroplacental blood flow during exercise. The splanchnic 
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blood flow measured in trained animals was maintained during 
hard exercise, while in untrained animals this blood reserve 
was shunted toward the exercising skeletal muscles (Donovan 
and Brooks; 1983). In«accordance with this; Curet et al. 
(1976) observed that at the completion of maternal exercise, 
uteroplacental blood flow was apparently restored in such a 
way that overcompensation of available blood to the fetus 
occurred. Perhaps this “tidal-flow" effect (Morris et al, 
1956; Martin, 1980), in combination with maintenance of 
splanchnic blood flow that occurs with training, may serve 
to protect the fetus in trained animals from a diminished 
uteroplacental blood supply. Further testing of this 


important hypothesis is necessary. 


Neonatal Organ Weights: 

One of the problems linked with a diminished 
uteroplacental blood supply, such as that associated with 
acute repetitive maternal exercise, is that the fetus may 
also have reduced oxygen availability (Emmanouilides, 1972; 
Longo et a]., 1978). This association was suggested from the 
observation that in cannulated sheep fetuses there was as 
much as a 59% reduction in pO2 values during acute maternal 
exercise (Longo et a/]., 1978). Reduced fetal oxygen 
availability or 'hypoxia', has been linked to fetal growth 
retardation and smaller fetal organ weight values and in 
extreme cases of hypoxia, the fetus reacts by the shunting 


of its own blood to favour vital organs, such as the heart 
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and brain (Boddy, 1976; Rudolf, 1984). This latter reaction 
would become manifest by larger ratios of brain weight:fetal 
body weight and heart weight:fetal body weight because of 
the smaller fetal body size and the disproportionately 
larger brain and heart resulting from the redistribution of 
fetal blood to favour these organs (Gilbert et al., 1979). 
In the present study neonatal organ weight values and the 
ratio of these values to neonatal body weight were examined, 
but only in the SEV experiment where the most significant 
changes may have occurred. No significant differences were 
found between the organ weight values of the neonates born 
to the PC and PR groups. The neonatal organ weight values 
found in the present study were also not significantly 
different from newborn control values of Wistar rats 
reported by Palou et al]. (1983) (average kidney weight 
0.064+0.002 g; average brain weight 0.255+0.008 g; average 
liver weight 0.251+40.015 g; see Table 5 for comparison). 
There was also no difference found in the heart:body weight 
and brain:body weight ratios in the neonates of both groups. 
This would suggest that perhaps even maternal exercise of 
the SEV intensity experiment did not reduce oxygen 
availability to the fetus or that, perhaps so little oxygen 
reduction occurred that the fetus adapted well to its 
changing environment. This may be due to adaptational 
mechanisms that may develop along with the fetus throughout 


gestation in trained maternal rats. 
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‘A major concern associated with diminished 
uteroplacental blood flow, also, is the reduction in fetal 
nutrition levels as a result of maternal exercise. An 
adequate amount of glucose available to the fetus is 
necessary for fetal energy utilization (Bassett and Jones, 
1976), and it is possible that maternal exercise may 
decrease the availability of glucose for the fetus by 
requiring glucose for energy in the maternal working 
muscles, especially at the more severe levels of maternal 
exercise. A diminished level of energy substrate may lead to 
fetoplacental growth retardation. A reduced level in lipid 
availablity may also lead to smaller fetal body weight 
values because lipids are important potential energy stores 
especially in the later stages of gestation (Hull, 1976). 
Lipids are also required for the developing brain structure 
(Hull, 1976) and consequently a diminished supply may be 
reflected in smaller fetal brain weights. In the present 
study, no reduction was found in neonatal brain weights or 
in the body weights of offspring born to the PR-SEV group. 
This may indicate that fetal nutrition levels were not 
altered or sufficiently reduced to elicit changes in fetal 
growth or, again, adaptational mechanisms had developed from 
the beginning of gestation. 

In contrast to the minimal effects of the SEV exercise 
intensity on neonatal organ weight values found in the 
present study, one group of authors have reported 


alterations in fetal guinea-pig body and organ weights with 
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acute repetitive maternal exercise (no prepregnancy 
training) (Gilbert et a]., 1981; Nelson et a/., 1983). 
Gilbert et a]. (1981) reported that guinea-pig fetal body 
weight, placental weight and fetal kidney weight exhibited a 
reduction in average weight with increasing levels of 
maternal exercise. Fetal heart and brain weights did not 
exhibit a change with increasing maternal exercise level. 
However, heart weight:fetal body weight and brain 
weight:fetal body weight ratios increased at the higher 
levels of maternal exercise (Gilbert et a/]., 1981). Nelson 
et al. (1983) also reported that in the fetuses of 
exercising pregnant guinea-pigs, fetal body weight, kidney 
weight and placenta weight were reduced as the level of 
maternal exercise increased. However, ratios of heart, 
kidney and placental weights:fetal body weight decreased 
Significantly from the control values, but at the highest 
maternal exercise intensity level (60 min/day), the brain 
weight:fetal body weight ratio was significantly increased 
from control values (Nelson et a/., 1983). 

Gilbert et a]. (1979), however, in a previous study 
found no differences in guinea-pig fetal body weights, organ 
weights or in placental weights, as a result of acute 
repetitive maternal exercise and no difference in the ratio 
of fetal organ weights:body weights. Gilbert et a]. (1981) 
and Nelson et ai]. (1983) attributed this contrasting result 
in their research group to a lower level of maternal 


exercise. The pregnant guinea-pigs in the study by Gilbert 
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et al. (1979) ran at a less intense level of exercise than 
the pregnant guinea-pigs of Gilbert et a]. (1981) and Nelson 
et al., (1983). From the results presented in their 
laboratory, increasing levels of acute maternal exercise 
seemed to cause more alterations in the fetal environment as 
manifest by the changes in fetal organ weights and reduced 
fetal body weights. It would seem then that the intensity of 
acute repetitive maternal exercise is also an important 
factor to consider. 

In the present study three maternal exercise 
intensities (MILD, MOD and SEV) were examined throughout 
pregnancy and no differences were found in any of these 
groups with regard to neonatal body weight values. Even in 
the most SEV exercise intensity, no differences were found 
in neonatal organ weight values. It would appear that 
prepregnancy exercise and exercise in early gestation may 
again promote adaptive mechanisms to develop which may 
protect the fetus from the effects of even the more intense 
maternal exercise. The results of Wilson and Gisolfi (1980) 
lend support to the results of the present study in that 
they did not find significant differences in rat offspring 
body dimensions (body and tail lengths) or organ weights 
(heart, spleen, kidney and adrenal) between the trained (7 
week prepregnancy training program at an intensity similar 
to the SEV experiment in the present study) pregnant rats 
who also ran throughout pregnancy and their control group. 


In comparison, acute repetitive maternal exercise at the 
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higher intensity levels may perhaps "breakdown" adaptational 
mechanisms which still may exist at the mild intensity level 
used™by“Gilbert et al. (1979). It would seem likely that 
acute repetitive maternal exercise and intensity of that 
exercise are important factors, both of which may alter 
fetal responses. Tt¥is difficult, however, to equate /the 
exercise intensity level used for pregnant guinea-pigs to 
the level used for pregnant rats. 

One other factor that should also be considered is the 
length of gestation in pregnant guinea-pigs which is 
approximately 67 days (Nelson et a/]., 1983), while in rats, 
gestation terminates at about 21 days (Baker et a]., 1979). 
Rats are also more immature at birth than are newborn 
guinea-pigs (Dubowitz, 1968) and it may be possible that the 
acute affects of maternal exercise coupled with a longer 
time spent jin utero may manifest fetal alterations in the 
guinea-pig which may not have occurred in the more immature 
rat fetus. Nevertheless, it may be increasingly apparent 
that training throughout pregnancy may perhaps promote 
adaptive mechanisms which may protect the fetus, even at 
levels of severe maternal exercise, while the stress of 
acute repetitive maternal exercise beyond a certain 
intensity may elicit alterations in fetal environment. 

There was also one more organ weight value examined in 
the present study which may support the adaptive mechanism 
theory. The ratio of average lung weight:body weight was 


calculated for the neonates born to the PC-SEV and PR-SEV 
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groups and these values were not significantly different. 
Symchych and Winchester (1978) stated that adequate amounts 
of amniotic fluid were an essential component for normal 
lung growth and experimental deficiency of amniotic fluid 
(such as that associated with oligohydramnios) in the last 
third of gestation may be linked with pulmonary hypoplasia 
and significant decreases in average lung:body weight 
ratios. The fact that lung weight and lung weight:body 
weight ratios were not different in the neonates of the PR 
group when compared to the controls, would perhaps lend 
additional support to the presence of adequate amounts of 
amniotic fluid so that symptoms associated with 
oligohydramnios were not manifested. This may also support 
the theory that adaptive mechanisms were perhaps present 
that not only protected the fetus from the effects of a 
diminished uteroplacental blood supply, but also from 
alterations in the amount of amniotic fluid. 

It would appear that the alterations in fetal outcome 
associated with maternal exercise reported in the literature 
deal with the higher intensities of acute repetitive 
maternal exercise during mid-gestation as the milder 
intensities of acute maternal exercise did not appear to 
exhibit these fetal alterations. It may be possible that the 
fetus is capable of coping with a certain level of 
alteration in its environment beyond which problems in fetal 
growth become manifested. Training and familiarization 


before pregnancy and during early pregnancy may somehow 
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reduce the teratogenic effects of acute maternal exercise on 
the fetus by the development of adaptive mechanisms. These 
mechanisms have yet to be elucidated, but in the rat, 
anastomotic channels have been found after ligation of a 
uterine artery in early pregnancy (Bruce, 1976, 1977). The 
"tidal-effect" reported after maternal exercise (Morris et 
al., 1956; Martin, 1980) may also act as an adaptive 
mechanism perhaps found in the "surplus" of available blood. 
These adaptive mechanisms appear to protect the fetus in a 
trained and familiarized group of animals even at the more 
severe maternal exercise intensities. The gross 
morphological neonatal results reported in the present study 
would support this theory. However, if alterations exist in 
the neonates of the most severe exercise intensity group in 
the present study, changes may not be manifested at the 
gross morphological level but rather more subtly at perhaps 


the histological or histochemical level. 


Neonatal Skeletal Muscle: 

Developing fetal skeletal muscle is especially 
susceptible to diminished levels of available maternal 
protein, which may occur as a result of a diminished 
uteroplacental blood flow (Young, 1976). Neonatal skeletal 
muscle was analysed in the present study to determine if 
skeletal muscle tissue was altered histologically or 
histochemically in the neonates of the PR-SEV group when 


compared to the neonates born to the PC-SEV group. 
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It has been reported that neonatal skeletal muscle in 
the rat is relatively undifferentiated and uniformly stains 
positive for enzyme reactions at birth (Dubowitz, 1965; 
Dubowitz, 1968; Engel and Karpati, 1968; Ashmore et al., 
1972; Shafiq et a]., 1972; Drachman and Johnson, 1973: 
Hadowa: et ‘alnt,o 1978s) oi Via>Moruzzii ef! BIA): VOFOwHo et al.., 
1983). This was confirmed by the results of the present 
study. Intense actomyosin ATPase activity has been 
demonstrated in all hindlimb muscle fibers of the newborn 
rat (Dubowitz, 1968; Ashmore et al]., 1972) and these muscle 
fibers were also found to Stain positively for NADH 
reactions (Dubowitz, 1968). Dubowitz (1968) also showed that 
in a cross-section of newborn hindlimb rat muscle stained 
with haematoxalin and eosin, the muscle fibers were rounded 
(not polygonal as in adult muscle), and grouped together 
loosely (not arranged in compact bundles as in adult muscle) 
by endomysial connective tissue. The nuclei were relatively 
large and tended to be centrally located (Dubowitz, 1968). 
This descriptive analysis is indicative of newborn skeletal 
muscle. 

In the present study, the histological appearance of 
gastrocnemius and sternomastoid muscles would agree with 
that described by Dubowitz (1968) for normal rat muscle. The 
trichrome stain (used to show histological features in the 
present study) also showed rounded muscle fibers with both 
gastrocnemius and sternomastoid muscle fibers containing 


some centrally placed nuclei. The ratios of muscle 
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tissue:connective tissue found for both gastrocnemius and 
sternomastoid muscles also indicated there was a relatively 
large amount of connective tissue present. The histochemical 
analysis of gastrocnemius and sternomastoid muscles in the 
present study also agreed with the description given by 
Dubowitz (1968); Engel and Karpati (1968); Ashmore et al. 
C1972) peSshafiqvervaht4( 1972): Haltia ‘et ale’ 1978) Ho .et 
al. (1983), for normal rat neonatal skeletal muscles, with 
respect to uniform enzyme staining for myosin ATPase and 
NADH histochemical procedures which were unable to 
differentiate muscle fiber types. The neonatal gastrocnemius 
and sternomastoid muscles for the PC-SEV and PR-SEV groups 
were not found to be significantly different in the 
histological or histochemical parameters measured and both 
groups exhibited typical newborn rat skeletal muscle 
characteristics. 

A similar analysis of diaphragm muscle in the present 
study for both PC-SEV and PR-SEV groups showed significantly 
larger fiber diameters and significantly fewer muscle fibers 
with centrally placed nuclei than either gastrocnemius or 
sternomastoid muscles. When diaphragm muscle was analysed 
histochemically, myosin ATPase enzyme activity was found to 
differentiate the muscle fibers into type I and type II 
fibers. Diaphragm type I fibers were found to occupy only 
2.6 (0.6)% of the total fiber number counted per slide in 
both the PC-SEV and PR-SEV groups. The histochemical 


reaction for NADH in the diaphragm muscle for both groups of 
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neonates failed to show differentiation into the appropriate 
fiber types. Dubowitz (1968) reported, however, that the 
NADH reaction into fiber types does not usually become 
evident until approximately day 14 postnatally in the rat. 
Again no differences were found between the neonates of the 
PC-SEV and PR-SEV groups in any of the histological or 
histochemical parameters measured for diaphragm muscle. 

It would appear that neonatal rat skeletal muscle 
usually has not differentiated into fiber types based on 
enzymatic activity of the muscle fibers at birth as this 
process of differentiation does not normally occur until 14 
days postnatally (Dubowitz, 1968). The diaphragm, however, 
seemed to be more developed than most neonatal skeletal 
muscle because of the smaller numbers of centrally placed 
nuclei, and histochemically the diaphragm muscle tissue had 
begun to show enzymatic fiber types. It would seem logical, 
however, for diaphragm muscle to be slightly more advanced 
developmentally than either sternomastoid or gastrocnemius 
because of the functional importance of the diaphragm in 
breathing in the newborn. Breathing movements in the fetus 
and breathing movements in the newborn (human) are both 
diaphragmatic in nature (Manning, 1977). The sternomastoid 
and gastrocnemius muscles are not as important in 
maintaining life of the newborn rat and would partially 
explain the immaturity of these two muscles at birth; 

It is interesting to note that the maternal exercise of 


the SEV intensity did not appear to assist in advancement of 
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neonatal diaphragm muscle. Maternal exercise has been shown 
to increase fetal breathing movements in the human (Marsal 
et al., 1979). It is not known whether this phenomenon 
occurs in the fetal rat or whether increased useage of this 
muscle would lead to a more developed muscle at birth. The 
SEV exercise intensity, however, did not appear to affect 
the development of this muscle when the neonates of the PR 
group were compared to the PC group. Perhaps the alterations 
(if they exist) are more subtle than the changes that may 
occur uSing the histological and histochemical parameters 
studied. Alternative methods of analysis such as 
ultrastructural or biochemical analysis may manifest 
changes. 

Maternal exercise of the SEV intensity did not appear 
to affect development of fetal skeletal muscle when cranial 
and caudal (sternomastoid as opposed to gastrocnemius) 
muscles were compared. Both the PC and PR neonates showed 
characteristic newborn rat skeletal muscle. This is 
important to consider in addition to the results of the 
Organ weight values for if ‘hypoxic’ reactions were 
occurring in the fetuses of the PR-SEV group, such as the 
shunting of fetal blood to favour the vital organs (heart 
and brain), then perhaps the susceptibility of skeletal 
muscle to nutritive changes would also be reflected in this 
reaction. The fetal shunting of blood from the caudal to the 
cranial area and the resulting diminished blood supply to 


the caudal area may have been reflected in gastrocnemius 
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muscle development. However, not only were the PR neonatal 
body weight values the same as the neonates of the PC group, 
but neonatal organ weight values did not differ, and 
neonatal skeletal muscle in the PR group was typical of 
newborn rat muscle. These results would lend support to the 
theory that adaptive mechanisms may have developed along 
with the fetuses of the PR-SEV group from early in gestation 
which allowed the fetuses of this group to cope with 
alterations in fetal environment as a result of maternal 


exercise. 


SUMMARY: 

Examination of the literature relating to maternal 
exercise and fetal outcome often gives rise to conflicting 
results. It would appear that data pertaining mainly to 
pregnant mice, guinea-pigs and rats forced to run during 


gestation would give rise to the following theory: 


1. The stress of acute repetitive maternal exercise 
(without prior training) of high intensity levels 
during mid-gestation appears to alter the 
protective mechanisms usually present in normal 
pregnancies by changing the fetal environment. 
These alterations in the fetal environment become 
manifest in fetal growth and development. Smaller 
fetal body weights, organ weights, delay in 
skeletal ossification and an increase in fetal 


mortality rates have all been associated with high 
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intensity levels of acute repetitive maternal 


exercise during mid-gestation. 


on Prepregnancy training or training in early 
pregnancy and familiarization of the animals to 
running may reduce the teratologic effects 
associated with acute repetitive maternal 
exercise. Adaptive mechanisms may develop 
concomitant with fetal and placental growth, to 
protect the fetus and to ensure only minimal 
alterations occur in fetal environment. Also, a 
protected fetal environment would perhaps only 
elicit minimal changes in fetal growth and 
development, even at the more Severe intensities 


of maternal exercise throughout gestation. 


The neonatal data of the present study would support 
this theory. Even the most severe maternal exercise 
intensity did not reduce neonatal body weight values, organ 
weight values or seem to affect histologically, or 
histochemically, the neonatal skeletal muscle tissue taken 
from different parts of the body. It would appear that the 
fetal environment was somehow protected from severe 
alterations because no changes were observed in fetal 
outcome. The protective devices involved in fetal 
development associated with maternal exercise have yet to be 
determined but they may exist as anastomotic channels, 


larger placental areas or in the surplus of blood returned 
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to the fetus after maternal exercise. One other point that 
should be mentioned is that perhaps alterations in the 
neonates of the maternal rats that ran throughout pregnancy 
may be manifested more subtly in ultrastructural or 


biochemical analysis. 


MATERNAL DATA: 

As the previous discussion has suggested, the neonates 
born to the maternal rats that exercised throughout 
pregnancy may have been 'spared' harmful effects during 
prenatal life by the development of adaptive mechanisms. 
This theory is intriguing especially when considering the 
maternal data found in the present study. The maternal 
results showed no significant differences between the 
maternal rats that ran the MILD exercise intensity 
throughout gestation and the pregnant control group, 
although weight gain values during pregnancy were smaller in 
the PR group. As the intensity of exercise increased, such 
as that undertaken by the MOD and SEV maternal rats, these 
reductions in weight gain values were found to be 
Significantly different from control values by the 
mid-gestation of pregnancy, reaching values of 33.9 g in the 
MOD experiment and 38.1 g in the SEV experiment by the end 
of gestation. This is interesting especially when the 
Similar values for average litter weight were considered, as 


these results may suggest alterations to the exercising 


maternal system. 
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The results of the present study supported the similar 
results of Wilson and Gisolfi (1980) who also reported a 
Significant decrease in maternal weight gain during 
pregnancy in their trained (seven week prepregnancy 
training) pregnant rats that ran throughout pregnancy. By 
the end of gestation these trained pregnant rats weighed 47 
g less than their pregnant control group. The offspring born 
to the trained pregnant group in Wilson and Gisolfi's (1980) 
Study did not exhibit any differences in body and tail 
dimensions or in organ weights when compared to their 
control values. It would seem that perhaps mechanisms exist 
to protect the fetus whilst affecting the maternal system 
represented by diminished maternal weight gain values. This 
theory will be discussed in detail later, but two important 
points should be mentioned. 

The first point to consider is that the maternal data 
in the present study showed no delay in conception for any 
of the levels of exercise even though the animals had just 
completed a two week progressive running program. This is 
interesting to note because in human studies, ammenorhea and 
disrupted menstrual cycles may be associated with long-term 
Strenuous levels of exercise and training. The effects of 
exertion on reproductive function, however, have not been 
completely resolved (Cumming and Belcastro, 1982; Cumming 
and Rebar, 1983), although there does not appear to be a 
link between exercise intensity and conception delay 


(Physician and Sportsmedicine, 1974). The results of the 
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present study with rats would tend to support this finding. 

The second point of interest is that the significant 
difference found between the maternal rats that ran the MOD 
and SEV exercise intensities and their control groups, was 
not present at the beginning of gestation as no difference 
was found between these groups in body weight values on the 
day of conception. These body weight values were also not 
Significantly different from those values found in the 
normal control group of rats. This is particularly important 
because the main experimental groups (PC and PR) for the MOD 
and SEV exercise intensities had just completed the two week 
prepregnancy running program. This would indicate that the 
two week progressive exercise program did not cause a 
Significant reduction in body weight in the PC and PR groups 
before gestation. Terada (1974), however, found a 
Significant reduction in body weight gain in mice that were 
trained over a four week period before pregnancy when 
compared to controls. A prepregnancy running program longer 
than two weeks may have elicited a significant change in the 
body weights of the exercising rats in the present study. 

It was interesting to observe that in the SEV exercise 
experiment the non-pregnant NPR group that undertook the 
Same progressive treadmill running program as the PR-SEV 
group was also not significantly different from the C group 
at the end of these two weeks. A significant reduction in 
average body weight gain was found, however, in the PR-SEV 


(compared to PC-SEV) and the NPR-SEV (compared to C) groups 
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on day 11 of the maternal running program. It would appear 
that the SEV exercise intensity did not manifest a 
Significant reduction in weight gain until close to four 
weeks after initiation of the exercise (two weeks 
progressive treadmill running plus 11 days of running into 
the 21 day pregnancy time period) in both the pregnant (PR) 
and non-pregnant (NPR) groups. Expressed in this way, the 
approximate four week time period of running in which a 
Significant reduction in body weight was found in both PR 
and NPR groups, would agree with the findings of Terada 
(1974), 

In the present study, the effects of exercise did not 
become apparent until the second third of pregnancy in the 
PR-MOD and PR-SEV groups. Terada (1974) found that exercise 
during mid-pregnancy in both the trained (four week 
prepregnancy training) and untrained (no exercise before 
pregnancy) groups of mice also interfered with maternal body 
weight gain. He reported that the exercising maternal mice 
Significantly decreased average daily food and water intake 
levels when compared to control intake values. The decreased 
maternal body weight gain in his group of mice may have been 
attributed to the disturbance found in caloric intake levels 
(Terada, 1974). 

The daily amount of food and water ingested by the 
pregnant rats in the present study was not determined, but a 
diminished caloric intake may in part explain the 


significant reduction in maternal weight gain in the PR-MOD 
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and PR-SEV groups. Perhaps the intensity of the MILD 
exercise was not of sufficient intensity to cause 
alterations in maternal eating habits. 

However, diminished maternal intake levels without 
maternal exercise produced a reduction in fetal body weight, 
as shown by Lederman and Rosso (1981) who reported that food 
restriction of 50% during pregnancy showed a decrease in 
fetal size in the rat. In spite of the adverse fetal affect, 
alterations in maternal net body weight and body composition 
were Similar in pregnant and non-pregnant rats during food 
restriction, indicating that the fetus was not capable of 
Pparasitizing the tissues of an undernourished maternal 
system to maintain normal growth (Lederman and Rosso, 1981). 
Since fetal body weights were not affected in the present 
study, reduction in maternal intake levels to the extent 
reported by Lederman and Rosso (1981) would not seem likely. 
It is interesting to note that in Terada's (1974) study, 
where the maternal intake was decreased because of maternal 
exercise, with a concomitant drop in maternal body weight 
gain, the fetuses were also reported to be of smaller weight 
even in the trained group. The training intensity of 
Terada's study may have caused the maternal mice to ingest 
less than 50% (the value was not given) of the ingested 
values of control mice, which would help explain the reduced 
fetal weights. 

Another interesting factor in Terada's (1974) study 


besides nutrition levels in the pregnant mice, was that the 
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prepregnancy training program for his trained mice was not 
continued throughout pregnancy but rather this group was 
forced to run during mid-gestation only, along with his 
untrained group. When his two groups (trained and untrained) 
were compared, the training before pregnancy reduced the 
teratologic effects found in the fetuses of the untrained 
group but fetal body weight values in the trained group were 
still decreased. In the present study, however, although 
body weight gain was significantly reduced in the exercising 
maternal rats (MOD and SEV), no difference was found in 
neonatal body weight values. This would indicate that 
exercise throughout gestation in the pregnant rat, either 
did not reduce caloric ingestion below 50% of normal values, 
or, maternal exercise in early pregnancy is an important 
factor in sparing the fetus by allowing it to parasitize the 
maternal tissues to maintain normal fetal development, 
perhaps along with the growth of adaptive mechanisms. 

One important point to consider in attempting to 
explain decreased maternal body weight values is that 
training in non-pregnant female rats has been shown to 
enhance lipid oxidation and the sparing of carbohydrate 
usage during prolonged exercise (Divine-Patch and Brooks, 
1980). The relatively lower stress on trained animals at 
given speeds of treadmill running has been shown to favour 
fat catabolism and even during hard exercise, trained 
animals maintained blood glucose at levels comparable to 


those seen at rest (Divine-Patch and Brooks, 1980). The 
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reduced oxidation of carbohydrates and the enhanced use of 
other substrates such as fatty acids in trained rats has 
also been suggested by other groups of researchers (Fitts et 
al., 1974; Baldwin et al., 1975; Davies et a]., 1981: Brooks 
and Donovan, 1983; Donovan and Brooks, 1983). This mechanism 
of carbohydrate sparing may also be present during maternal 
exercise in trained rats. This carbohydrate-sparing 
mechanism may have occurred in the present study and perhaps 
maternal body weight values were found to be decreased in 
the PR groups because of a reduction in maternal body fat, 
Since more of this substrate may have been used for fuel by 
the maternal system during exercise. 

The maintenance of adequate glucose levels in trained 
pregnant animals, even during hard exercise may be important 
in maintaining normal fetal growth. Glucose is a major 
substrate utilized by the fetus for energy and growth 
(Young, 1976), and perhaps the use of this substrate during 
hard intensity maternal exercise in the untrained animal for 
maternal fuel may cause fetal growth retardation. This may 
in part explain the reduced maternal body weight values 
coupled with smaller fetal birth weights in Terada's (1974) 
study. The present study would also support this theory in 
that exercise throughout pregnancy decreased maternal body 
weight values without affecting fetal growth. 

The significant decrease in maternal body weight gain 
values continued when the maternal rats in the MOD and SEV 


experiments were analysed after giving birth. The method of 
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statistical analysis for these postpartal results must be 
interjected. When using the ANOVA to compare postpartal 
maternal data, there was no significant interaction effect 
when the three levels of maternal exercise were compared. 
However, when each of the three experiments was evaluated by 
comparison of the paired PC and PR values (by the use of a 
paired Student's t-test), significant differences were found 
between the paired PC and PR groups for the MOD and SEV 
experiments in postpartal weight gain (postpartal weight 
minus weight on day of conception) values. It may be argued 
that since the ANOVA pools the mean values, the significant 
results from the paired data in each intensity of exercise 
may be lost. 

In accordance with this, the significant differences in 
maternal body weight gain reported during pregnancy in the 
MOD and SEV experiments were sufficient to be detected by 
the paired Student's t-test and the more powerful ANOVA. 
After birth, however, the significant differences found 
between the MOD and SEV paired PC and PR groups were reduced 
sufficiently to miss detection by the more powerful ANOVA, 
but these values were still sufficiently different to 
achieve significant values when analysed by the paired 
Student's t-test. Observation of these large consistent 
differences in postpartal weight gain values in the paired 
PC and PR groups in the MOD and SEV experiments, would 
indicate that perhaps the results of the paired Student's 


t-test are an important result and should not go without 


ed Jaum- ed fuess aha lai si 31 
Iqaupqedeq aisqnog oF iA 
‘selie sodgoerednt seustategllaiien suas cased 4 
heveqnes sivew se loan’ Learstem 40 1 vas td 
vd betenlevs fan sinsmbTegae sents edt 2o dnae nati 
% Toren ott Yo? gow tau 29 brs 29 herthecgiws Ion 
privet otaw eecrene S56 insoltingte 3209-3 9 snabu3a 
Vae ona COM stig mel equodg aa hes 34 padteq: 
tdetew Ls FGI ROR) nie ddpetew Lexseqonng, ne et | i 
veupis ad yam oT eentew (noi sqeanote (he) pablo sdighew 
iiaoiapie ate \eeies neem ede mioog AUOMA ant a 
oeiorexe to qiienegit Apea ne a mor 
Pk a ee deol: oa 
ni wenmee the somerift Dig a ant ery ele hati: 
odd me Qorenge nes ouiais ‘essoqes ate Byte ybod £ 
vd be peteb.edomd whe ined dup arew or f anqke Vee: ; 
SAVOWA Ly Twog gig eg! ons pereererter Trt berisq’s 
bniwod assastetith’ 2hasiRngie od?) sevawor \atakd 429: : 
babes “aha aque. aaah 34 bette wee bos: dom Pre neivaed | 
AVOMA Litrenod, aro oda we solasegeb egim 03 gisnstoihiwe 
ot ansretd ib mre. TT ictae evew aanisyv seedy) gud . 
bertag ois ve Heay tors, cat’ anitev ineottineia’ svsitoe 
Mad ehanod spiel “geeds Yo ootneyaimed® <dBed-3'@ e’snebus2 
baaieg aa nd seule niep ailp iow Latreqteog ni eporeted2ib 
Pdbiyow wpeininiieean vag re, COM rl nr aquoesy 89 bas 24 "4 
@ trebure Bev fag gn. 2o. aisle ite Mgjadred oad aveotbat | “" 
sruoriatie ap jon ae one ailvens jamtiogmi ts ore deeara | ‘ 


83 


mention. 

It is important to discuss the significant reduction in 
body weight gain in the MOD and SEV experiments found at the 
end of gestation and postpartally. To explain further the 
reduction in maternal body weight at the end of gestation, 
illustrations of average maternal body weight gain values 
will be compared for the PC-MOD and PR-MOD groups in Figure 
5A. The same average values will be shown for the PC-SEV and 
PR-SEV groups in Figure 5B.' 

The average weight gained during pregnancy for PC-MOD, 
PR-MOD, PC-SEV and PR-SEV, can be divided into the following 


components: 


13 a maternal component (average postpartal weight 
minus average weight on the day of conception) 
which includes uterus, mammary tissue, blood 
volume, extravascular and extracellular water, and 
fat. The placentae would also be included in this 
component because the maternal rat ingests the 


placentae after giving birth. 


Zs a fetal component represented by the average total 
litter weight value for each group. This component 
would also include a small and probably 
insignificant part of the umbilical cord which 
remains on the neonate at birth. 


‘Figures 5A, 5B and 6 are included in the discussion for 
clarity in the explanation of the results. 
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FIGURE SA. Average maternal body component 
analysis of total pregnancy weight gain 
(expressed in g) for MOD experiment, 


Total weight gain (g) 


<« MATERNAL > 


PC-MOD PR-MOD 


FIGURE 5B. Average maternal body component 
analysis of total pregnancy weight gain 
(expressec in g) for SEV experiment. 
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3. a remnant component which would include the 
products of conception and/or maternal tissues 
lost at birth. This third component includes 
amniotic fluid and membranes from the conceptus 
and would also be composed of maternal blood and 
fluid loss that normally occurs during 


pParturrtion; 


The components of maternal weight gain during pregnancy 
in the present study were based on a similar scheme used by 
Martin (1980), who analysed components of average human 
maternal weight gain by term. He divided the weight gained 
into two main components; products of conception which 
included, fetus, placenta, membranes, and amniotic fluid; 
and a second component of an increase in maternal tissues. 
The second component included increases in uterus, breasts, 
blood volume, extravascular and extracellular water, and 
rat. 

By dividing the maternal data at the end of gestation 
into components, it can be seen from Figure 5A that 
proportionately the PR-MOD group had a significantly smaller 
maternal component than the PC-MOD group. In contrast, the 
fetal components were very Similar. The difference in 
maternal components could be due to a difference in uterine 
weight. This seems unlikely, however, because the fetal 
components were Similar. The more likely explanation would 
be in the deposition of maternal fat because training has 


been shown to enhance lipid oxidation (Divine-Patch and 
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Brooks, 1980), which may reduce fat stores. However, 
differences which may occur in blood volume, including body 
water cannot be overlooked. Lederman and Rosso (1981) 
analysed the average carcass composition of pregnant (minus 
the conceptus) and non-pregnant rats on day 21 of pregnancy. 
They reported that on day 21 pregnant rats were composed of 
en-average ofone7idtt2 79 Go ofewater, 40:7024¢ 4) gquof fat and 
60.0 +1.9 g of lean dry tissue. Non-pregnant rats on that 
same day were composed of an average of 149.5 +2.4 g of 
Water > 26 1202920 Gf off Fatt and’ 57 .4020%0-g Of lean dry 
tissue. The major difference between pregnant and 
non-pregnant rats on day 21 of gestation in the maternal 
component was in weight gained due to fat (12.5 g) and 
weight gained due to water retention (17.6 g). The average 
values of Lederman and Rosso (1981) would indicate that 
normally, pregnant rats gain a substantial amount of fat and 
water. The PR group in the present study, however, may be 
deficient in either fat deposits or blood volume. These 
factors will be discussed shortly. 

The fact that the maternal rats ingested the placentae 
is an important point to also consider. Perhaps, the 
maternal running rats ate smaller placentae, but smaller 
placentae usually accompany smaller fetal body weights 
(Nelson et al]., 1983) and the neonatal body weight values in 
the PR-MOD group were not different from controls. It would 
not seem likely then that the difference found in the 


maternal components in the MOD experiment would be due to 
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the ingestion of smaller placentae in the PR group. This 
difference in the maternal components may be mainly due to 
maternal fat stores and blood volume. However, the other 
contributors to this component may also play a role. 

The reduction in the third component found in Figure 5A 
is intriguing. It seems that the MOD exercise intensity also 
affected the products of conception (amniotic fluid and 
membranes) and/or the maternal tissues (blood and fluid) 
lost at birth. This reduction found in the PR-MOD group for 
the third component is difficult to explain. 

The average component values from the SEV experiment 
found in Figure 5B, supports the findings found in Figure 
5A. However, the effects of the maternal exercise found in 
the MOD experiment relating to the third component appear to 
be augmented further in the PR group of the SEV experiment. 
This is interesting to consider, especially when the 
differences between maternal components of the PC and PR 
groups for both experiments are similar and the fetal 
components are not different. However, the third component 
appears to be markedly reduced in the PR-SEV group. If this 
reduced third component indicates decreased amounts of 
amniotic fluid in the PR-SEV group, then perhaps fetal 
deformities and abnormalities associated with 
oligohydramnios might have been observed. Since fetal 
abnormalities were not evident, it is possible that this 
severe level of maternal exercise may have decreased the 


amount of amniotic fluid, but not to a possible critical or 
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threshold point where abnormalities in fetal development 
would occur. Perhaps the severe exercise intensity reduced 
maternal blood volume sufficiently to reduce the amount of 
blood loss at birth, but not enough to cause critical 
alterations in the amount of amniotic fluid during 
gestation. Sufficient maternal blood volume is an important 
factor during gestation because maternal hypovolemia has 
been linked to oligohydramnios (Longo, 1983). Adaptive 
mechanisms may have developed early in pregnancy to protect 
the fetus from diminished amounts of amniotic fluid perhaps 
at the expense of maternal blood volume. This reduced third 
component needs further investigation. 

The maternal component in the SEV exercise experiment 
was analysed one step further in that the postpartal body 
components (skin weight and carcass remainder weight) were 
examined. The significant differences found in the maternal 
components between the PC and PR groups proved to be 
interesting. In figure 6 the actual average weight in grams 
for the carcass components are presented for the PC-SEV, 
PR-SEV and the non-pregnant NPR-SEV groups. The skin 
component consisted mainly of skin (fur), subcutaneous fat 
(an important large fat storage area in the rat; Galletti 
and Klopper, 1964) and mammary tissue. The carcass remainder 
component consisted of muscle tissue, abdominal contents, 
thoracic contents, internal fat depots, and tail. 

In comparing the skin component values (figure.6), at 


was interesting to note that the PC group had. 105. danorecr 
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FIGURE 6. Average postpartal body component 
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this component than the PR group, although both of these 
groups had just given birth. Furthermore, the PR group had 
an average of 6.1 g more skin component than the 
non-pregnant NPR group. 

In comparing the remainder component, the PC group had 
15.7 g more carcass remainder weight than the PR group, even 
though both PC and PR groups had just given birth to similar 
neonates. The difference in this body weight component would 
probably not be due to the weight of the uterus, nor would 
it seem likely that the PC group ingested larger placentae, 
Since the neonates were of similar size. It also does not 
appear likely that the PC group would have more muscle and 
bone because they did not run. However, the PC group may 
possibly have more internal fat deposited or more blood 
volume as indicated by the results of Lederman and Rosso 
(1981) in their study of pregnant rats. The smaller amount 
of adipose storage found in the PR group would support the 
theory that during training, fatty acid oxidation was 
enhanced while perhaps sparing maternal glucose for fetal 
usage. The findings of diminished adipose tissue found in 
the PR group is further supported by the fact that the 
Carcass remainder weight values for the PR and NPR groups 
are almost identical. This similarity in remainder weight 
does not account for the heavier uterine tissue found in 


rats just after parturition. This factor is difficult to 


interpret. 
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The 6.1 g difference in skin component found between 
the PR and and NPR groups may be due to the glandular tissue 
of the mammary glands or perhaps to the attempt of the PR 
group to store fat subcutaneously for lactation. In either 
case the reduced amount of maternal adipose tissue may prove 
harmful after birth, in that insufficient storage of fat in 
the maternal system or underdeveloped mammary tissue may 
give rise to inadequate milk production to feed the nursing 
neonates. This would perhaps help to explain the findings of 
Wilson and Gisolfi (1980) who reported a significantly 
higher number of neonatal deaths attributable to maternal 
neglect and maternal cannibalism in their trained maternal 
rats who also ran during pregnancy, during a postpartal 
observation period of 28 days. Wilson and Gisolfi (1980) 
also reported a significant reduction of 47 g in body weight 
gain for this group at the end of pregnancy. The maternal 
rats in their study were not analysed postpartally but if 
this 47 g deficit in weight gain was due to insufficient fat 
storage or underdeveloped mammary glands, then it is 
possible that insufficient milk production might cause these 
maternal rats to cannibalize their young or to neglect them. 
In the present study, no maternal neglect was observed, but, 
had the neonates not been sacrificed within 20 hours of 
birth, perhaps the maternal neglect and the cannibalism as 
seen in Wilson and Gisolfi's (1980) study would also have 
been observed. Maternal postpartal body component analysis 


in running animals needs further investigation. 
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The data reported for normal pregnant rats indicated 
that body weight gain values (in addition to the conceptus) 
are composed predominantly of fat deposition and water 
retention. Both of these factors appear to be affected when 
the maternal results of the present study were examined. It 
would appear that perhaps the fetuses are spared at the 
expense of the maternal system in either storage of adipose 
tissue for lactation or maternal blood volume or both, 


especially at the more severe levels of maternal exercise. 


SUMMARY: 

The maternal data added an interesting finding to the 
theory presented in the neonatal section. It would appear 
that protective mechanisms may exist to spare the fetus 
during maternal exercise at the MOD and SEV exercise 
intensities at the expense of the maternal system, 
especially at the SEV level of exercise. This was 
particularly evident in the significant reduction in 
maternal weight gain found for both groups of maternal rats 
(PR-MOD and PR-SEV) at the end of gestation and 
postpartally. The alterations found in the maternal system 
probably exist as insufficient adipose tissue storage for 
lactation especially at the more severe levels of maternal 
exercise. Although adaptive mechanisms that may occur during 
training may serve to protect the fetus, such as enhanced 
fatty acid oxidation and glucose sparing, the deletion of 


adipose tissue stores may perhaps cause problems for the 
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neonates in postnatal life. More research is needed in the 


area of maternal exercise and its effects on the mother and 


the developing fetus. 
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CONCLUSIONS AND RECOMMENDATIONS 

SUMMARY 

The purpose of the present study was to examine the 
effects of three intensities of maternal aerobic exercise 
(mild, moderate and severe) throughout gestation on the 
Fetus in the rat. The effects of maternal exercise on fetal 
growth and development were analysed by newborn number per 
litter, observation of gross superficial abnormalities, 
newborn gross body weight and newborn organ weights. At the 
microscopic level, neonatal skeletal muscle was chosen for 
analysis. The effects of maternal exercise on the gross 
morphology of the maternal rat were represented by maternal 
weight gain during pregnancy, maternal postpartal weight and 
maternal postpartal skin (including subcutaneous fat and 


mammary tissue) and the remainder component analysis. 


CONCLUSIONS: 


Within the limitations of this study the following 


conclusions were presented: 


lee Maternal aerobic exercise of mild, moderate and 
severe intensities undertaken throughout gestation 


did not affect fetal development. 


Ze The maternal aerobic exercise of the mild 
intensity showed no apparent effect on the 


maternal rats. 


Sie The maternal aerobic exercise of the moderate and 
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severe intensities caused a reduction in maternal 


body weight during pregnancy. 


The maternal aerobic exercise of the severe 

intensity caused a reduction in the maternal skin 
component (including subcutaneous fat and mammary 
tissue) and the maternal remainder component when 


analysed postpartally. 


The fetuses of the maternal rats who underwent the 
moderate and severe aerobic exercise intensities 
throughout pregnancy were somehow 'sSpared' at the 


expense of the maternal system. 


RECOMMENDATIONS: 


1. 


More research is needed to determine whether 
adaptive mechanisms do exist as a result of 


training. The recommended areas of study would be: 


a identification of anastomotic channels in the 


uterine blood supply of trained pregnant rats 


b. assessment of placental weight, diffusing 


capacity, and capillarization in trained 


pregnant rats 


Cc. measurement of the amount of amniotic fluid 


present in the fetuses of trained maternal 
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Faus just prior to birth? 


Additional analysis is required in the body 
components of trained pregnant rats during 
gestation and postpartally. Analysis should be 


centred mainly on the following areas; 


a. measurements of internal and subcutaneous fat 


depots in the trained pregnant rat 


Joys measurement of the pregnant uterus before and 


after parturition in trained rats 


Gs assessment of maternal blood volume just 


prior to birth in trained pregnant rats 


sls analysis of mammary tissue in trained rats 


before and after parturition. 


Further study of the neonates of trained maternal 
rats with regard to growth rate and learning 


ability is required. 


Additional assessment of the behaviour of trained 
maternal rats towards their offspring until the 


time of weaning is also important. 
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REVIEW OF LITERATURE 

Literature reporting on the effects of maternal 
exercise on fetal growth and development is often 
conflicting. An attempt has been made to sort out the 
discrepancies in. the literature and to relate these 
discrepancies to various factors which may facilitate 
comparisons of the results of the current research 
Situation, pertaining to the area of maternal exercise. 

In reviewing the literature these discrepancies appear 


to be due to three major factors: 


a the use of different animal species for 


experimentation in maternal exercise, 


6. the familiarization and/or training of the 


maternal animal before pregnancy, and 
lg the use of different exercise intensities. 


There are three other factors which should not go without 


mention: 
Ke the techniques used to 'prompt' the maternal 
animal to exercise, 
2%, the use of invasive techniques to monitor the 


maternal and/or the fetal systems, and 


3. deprivation of the maternal animal of food and 


water for any length of time before maternal 


exercise. 
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Each of these factors will become evident as the 
presentation of the literature proceeds. The literature 
review will be presented by separating the research reported 
into animal species used for experimentation. 

There are five major species of animals used for 
experimentation in the area of maternal exercise. These 
Species include: rats, mice, guinea-pigs, sheep (and Pygmy 
goats), and the human. The data pertaining to maternal 
exercise in each of these species will be presented. A 
section on the effects of training on non-pregnant rats will 


be examined first. 


EFFECT OF TRAINING ON NON-PREGNANT RATS: 

The laboratory rat has been used frequently to study 
chronic metabolic adaptations to exercise (Shepherd and 
Gollnick, 1976). Many different techniques have been used, 
however, to train rats and this review centres mainly on the 
training procedures and resulting adaptations that occurred 
in trained running female rats. 

Fitts et a]. (1974) exercised four groups of rats for 
fourteen weeks. At the end of this program, the rats were 
running at a treadmill speed of 31 m/min, up an 8° incline, 
5 days/week at either 10, 30, 60, or 120 minutes/day. The 
authors also compared different training indices such as 
mitochondrial markers in gastrocnemius muscle, and glycogen 
depletion from leg muscles. The results of these tests 


indicated that a good correlation existed between the level 
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of training, the respiratory capacity of exercising muscles, 
and endurance. They concluded, that as the level of training 
increased, the mitochondrial content of the exercising 
muscle increased, and this appeared to reduce the amount of 
carbohydrate utilized during intense submaximal exercise. 
The suggestion that training may increase endurance by 
involving a mechanism which appeared to spare glycogen 
utilization has been supported by other researchers (Baldwin 
et a]., 1975; Divine-Patch and Brooks, 1980; Davies et al., 
1981; Brooks and Donovan, 1983; Donovan and Brooks, 1983). 
Baldwin et al. (1975) demonstrated a slower utilization of 
glycogen in skeletal muscle in exercise-trained female rats 
when compared to untrained control rats. These authors also 
showed an increase in muscle mitochondria in the muscles of 
the exercise-trained group. They suggested two major changes 
occurred because of this adaptation (increase) in muscle 
mitochondria. The first change was a slower rate of 
glycogenolysis in the working skeletal muscle. The second 
alteration was®a Shift -in' the®%carbon*source?for*the *eitric 
acid cycle, with more energy being drawn from the oxidation 
of fat and less energy being derived from carbohydrate in 
the trained as compared to the untrained state, at the same 
submaximal rate of work. These authors also suggested 
another contributing factor to this glycogen-sparing effect 
might be related to a more rapid increase in blood flow and 
oxygen delivery to the working muscles in the trained group. 


Another interesting finding from this study was that liver 
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glycogen concentration at rest was 75% higher in the trained 
group of rats when compared to the untrained control group. 
This increased level of liver glycogen storage may also 
protect the trained animals by ensuring maintenance of blood 
glucose levels during prolonged exercise (Baldwin et al., 
1975).3 

Divine-Patch and Brooks (1980) also suggested 
carbohydrate-Ssparing occurred in trained female rats when 
compared to untrained controls. The training procedure used 
in their study involved five weeks of incremental exercise 
and one week of daily running for one hour/day at a 
treadmill speed of 28.7 m/min on a 15% grade (8.5° incline). 
The untrained rats were accustomized to treadmill running on 
a 15% grade by 5 to 8 minute exposures, twice/week. The 
treadmill speed for the untrained rats during these brief 
exposure times was gradually increased until 28.7 m/min was 
attained just prior to the testing period. The two groups of 
rats (trained and untrained) were examined during running at 
14.3 m/min on a 1% grade for one hour ('easy exercise') and 
running at 28.7 m/min on a 15% grade for one hour (‘hard 
exercise'). The results indicated that during the easy 
exercise test both untrained and trained animals maintained 
blood glucose values when compared to rest values. During 
the hard exercise test, however, only the trained animals 
could maintain blood glucose levels comparable to those 
values found at rest. The extremely low blood glucose levels 


observed in the untrained animals occurred after only thirty 
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minutes of the hard exercise test and may have contributed 
to the fatigue of these animals (they were not able to run 
the full hour). The authors suggested that in trained 
animals, superior capacities for glucose-glycogen sparing, 
gluconeogenesis, and fat catabolism may be present. 

In accordance with this, Davies et a]. (1981) also 
suggested the increased endurance observed in their trained 
animals (when compared to untrained) may have been due to 
enhanced glycogen-sparing, the basis of which may be 
increased lipid utilization and/or an elevated capacity for 
gluconeogenesis. The results of Davies et a]. (1981) 
indicated substantially lower respiratory exchange ratios 
(even at VOz,max for their endurance-trained animals), 
Suggesting a significantly higher contribution of lipids to 
energy metabolism in this group. These authors also reported 
that the trained animals obtained about 34% of their total 
energy from lipids during endurance tests, whereas lipid 
utilization in control animals was only 10%. These values 
indicated that the trained group of rats utilized 3.3 times 
more lipid than controls and this factor may postpone 
glycogen depletion, thereby increasing endurance (Davies et 
al., 1981). The training program for the trained group of 
rats was 10 weeks in duration, commencing treadmill speed 
was 26.8 m/min on a grade of 8.5° for 20 minutes. Thereafter 
running time increased 5 minutes/day, until by the Brith 
week, the rats ran 120 minutes/day for 5 days/week. For the 


remaining 6 weeks the animals maintained this intensity. The 
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untrained control group was exercised at the same treadmill 
speed for 10 minutes every third day for the entire 10 
weeks. 

In two more recent studies (Brooks and Donovan, 1983; 
Donovan and Brooks, 1983) the effects of endurance training 
(treadmill speed was 29.4 m/min up a 15% grade for up to 120 
minutes/day, 5 days/week) on glucose metabolism was 
examined. Untrained control animals were exposed to 
treadmill running for 10 minutes once/week. The animals were 
examined at rest, during easy exercise (treadmill speed of 
13.4 m/min, 1% gradient), or during hard exercise (treadmill 
speed of 26.8 m/min, 1% gradient). The results showed that 
VOz2max in the endurance-trained rats was increased by 13% 
over the aerobic capacity values found for the control 
group, demonstrating a significant training effect (Brooks 
and Donovan, 1983). Examination of blood glucose values 
revealed that trained animals were better able to maintain 
glucose homeostasis during hard exercise. In addition, the 
major contributing process to carbohydrate metabolism in 
muscle was not glucose uptake from the blood but rather 
muscle glycogenolysis which would indicate that during rest 
or exercise the primary carbohydrate source is muscle 
glycogen. In the trained rats improved glucose homeostasis 
occurred which resulted from increased conversion of lactate 
to glucose and reduced lactate oxidation during hard 
exercise (Donovan and Brooks, 1983). Also, trained animals 


exhibited a greater lactate metabolic clearance rate during 
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the hard exercise, attributable to a lesser autonomic 
response in trained animals. Elevated blood glucose levels 
in trained animals and greater conversion of lactate during 
hard exercise were consistant with the maintenance of 
splanchnie "blood flow. “Ini contrast >the "stress of “hard 
exercise in untrained animals may trigger an autonomic 
response that shunted splanchnic blood away from the 
gluconeogenic organs (liver and kidney) towards the working 
muscle, limiting the capacity for release of glucose from 
the liver (Donovan and Brooks, 1983). 

The 'glucose-sparing' and enhanced lipid oxidation 
found in trained animals may actually decrease body weight 
due to a decrease in body fat. Kral et a]. (1974) found that 
training caused a decrease in body weight, body triglyceride 
and adipose cell size. They suggested that physical training 
may lead to an adaptation of adipose tissue metabolism with 
an enhanced insulin sensitivity. The trained animals were 
male rats engaged in an intensive training program of 
Swimming. 

PREGNANCY AND EXERCISE IN THE RAT: 

Atherton et a]. (1982) recorded body weight changes in 
pregnant Sprague-Dawley rats and compared these values with 
paired non-pregnant controls. Differences in body weight 
values between these two groups of rats were significant 
from day 5 onward. On day 21 of gestation the pregnant rats 
had gained approximately 53% of total weight from day 2 of 


gestation compared to an increase of only 8% reported for 
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the non-pregnant controls. Lederman and Rosso (1981) 
actually measured the average carcass composition of 
pregnant (minus the conceptus) and non-pregnant rats on day 
21 of pregnancy. Carcass analysis demonstrated that on day 
21 pregnant rats were composed of an average of 167.142.9 g 
cfywateryis00724.40q ofofat and 160.0109) gqdofulbeanedry 
tissue. Non-pregnant rats on that same day were composed of 
entaverageoi49.522 4 grofewater pe28621222 grofinftatvand 
97.4+1.0 g of lean dry tissue. The major contributing 
factors to the differences in weight gain between pregnant 
and non-pregnant rats (besides the conceptus) were the 
amount of fat deposited and maternal body water (Lederman 
and Rosso, 1981). Atherton et a/. (1982) reported a 
Significant increase in plasma volume from day 6 of 
gestation onward in pregnant rats (about 30% higher close to 
term) which would support the larger body water values found 
in the pregnant rats analysed in the study by Lederman and 
Rosso (1981) when compared to controls. 

Normal pregnant rats give birth to between 9 and 16 
offspring per litter (Atherton et a]l., 1982). Several 
authors have reported similar values for normal pregnant 
ratS;°an average of 8.8542.56 neonates per litter (Buhrdel 
eftal).Pas978)eealrange ofndltoel2votispningapernel iter 
(Parizkova, 1975); Parizkova and Petrasek, 1978); and an 
average value of 9.5+3.5 neonates per litter (Wilson and 
Gisolfi, 1980). Vorherr (1982) reported rats normally have a 


mean of 10 offspring per litter. In this regard Vorherr 
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(1982) reported that the total birth weight of a litter 
should be about 20% that of maternal weight and with an 
average litter size of 10, the birth weight of one pup would 
be 2% that of the maternal rat (Vorherr, 1982). 

The combination of pregnancy and exercise on fetal 
development does not appear well documented for the rat. 
Parizkova (1975) examined the microstructure of the male 
offspring of female rats exercised during pregnancy at 100 
days of age after birth. The exercise protocol was a 
treadmill speed of 14 to 16 m/min for one hour daily 
throughout pregnancy. This protocol was considered to be of 
mild aerobic character (Parizkova, 1975). The results 
indicated that total body weight values of the male 
offspring of the rats who ran throughout pregnancy did not 
differ from controls either at birth nor at 100 days of age. 
The heart weight, however, from the male offspring of the 
exercised maternal rats was significantly higher at 100 days 
of age. The microstructure of the heart also showed a 
Significant increase in the number of capillaries and muscle 
fibers/mm?, a significantly higher heart capillary:muscle 
fiber ratio and significantly shorter distance for diffusion 
in heart muscle in the male offspring of maternal running 
rats. Parizkova (1975) concluded that during the prenatal 
period the developing fetal heart appears to be susceptible 
to the stimulus of maternal exercise. 

In a later study, Parizkova and Petrasek (1978) 


examined the effects of maternal exercise on offspring lipid 
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metabolism. Again, mild aerobic exercise was selected for 
study (14-16 m/min, one hour/day, throughout gestation). The 
results suggested that regular exercise during pregnancy had 
a marked influence on selected indicators of lipid 
metabolism in the liver of both male and female offspring 
during postnatal examination. 

Corbett et a]. (1979) examined the skeletal muscle 
metabolism in the offspring of trained maternal rats (no 
training protocol was given). The authors sacrificed 
offspring at 18 days of age. The results indicated that 
endurance training prior to, or during pregnancy, had no 
effect on glycolytic, oxidative or contractile properties of 
skeletal muscles (soleus, plantaris and gastrocnemius) 
examined from the offspring (Corbett et a/]., 1979). 

Wilson and Gisolfi (1980) analysed male offspring 
(between 45 and 65 days of age) of trained maternal rats, 
with special emphasis on the cardiovascular system. Their 
study consisted of four groups of rats: animals who ran for 
seven weeks at 35 m/min up a 1% grade, one hour per day for 
six days before, but not during gestation (T-NT); animals 
who also ran this prepregnancy training program for seven 
weeks before gestation and then ran 32 m/min up a 1% grade 
for seven days/week for one hour/day throughout pregnancy 
(T-T): animals who only ran at a treadmill speed of 16 m/min 
up a 1% grade, for one hour/day, seven days/week during 
pregnancy (NT-T); and a control group of animals who did not 


run (C). The measurements taken in the male offspring 
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included VO2max, coronary blood flow under hypoxic o( 10%. 401, 
90% N2) or normoxic (room air) conditions, myocardial 
capillary density (histological preparation), cardiac muscle 
fiber:capillary ratio, and measurement of organ (heart, 
kidney, spleen, adrenal) and body weights. The results 
indicated that body dimensions, organ weight values and 
VOz2max were not significantly different between the 
offspring in any of the groups. Wilson and Gisolfi (1980) 
also reported a 'trend' for heart:body, left ventricle:heart 
and right ventricle:heart weight to be highest in the 
offspring of NT-T and T-T groups. The authors found no 
anatomical difference in total capacity of myocardial 
capillaries in the offspring of any of the experimental 
groups. This result would disagree with the findings of 
Parizkova (1975) who did find a significant difference in 
the ratio of heart capillary:fiber in the offspring of 
trained maternal rats. 

Wilson and Gisolfi (1980) also analysed the effects of 
training on the maternal rat. They examined the cytochrome 
oxidase activity in soleus muscle, the left ventricle:heart 
weight ratio and max VO2. The results indicated that the T-T 
group had significantly higher max values than the C group 
at the end of pregnancy. Pregnancy did not change the 
training effect on oxidative enzyme activity and heart:body 
weight ratios, in that a two-fold increase in cytochrome 
oxidase activity was found in the soleus muscles of T-T and 


a 1.5 fold increase in the NT-T animals compared with 
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controls. These results were consistent with physiological 
changes that occur with different intensities of training. 
One interesting finding in the maternal data was that the 
T-T group gained only 57 g at the end of pregnancy, compared 
with ©1103; l105dants28)gefor the C, T=NT, andiNT-T: groups, 
respectively. An increase in neonatal mortality was also 
found in the T-T group perhaps due to maternal neglect and 
maternal cannibalism, both of which were observed in their 
study. The authors concluded that mild to heavy maternal 
exercise did not influence VO,max or myocardial structure in 
male offspring and that high intensity exercise (80-88% 
VO2max) was associated with an increase in offspring 
mortality during the first 28 days postnatally. 

The reduction in maternal weight gain in the T-T group 
in Wilson and Gisolfi's (1980) study is interesting to 
consider, especially since training may diminish body fat 
stores (Kral et a]., 1974). Wilson and Gisolfi (1980) did 
not attempt to expand upon the reasons for the increased 
offspring mortality found in the high intensity maternal 
exercise group. Perhaps the maternal neglect and maternal 
cannibalism they noted as the underlying cause for the 
offspring death may be related to the diminished maternal 
weight gain and insufficient maternal fat deposits necessary 
for lactation. Rosso et al]. (1981) examined malnutrition and 
consequent reduced maternal body weight during pregnancy on 
mammary glands in rats. They reported that when pregnant 


rats were fed 50% of their normal food intake from day 5 of 
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gestation onward, the weight of the mammary gland was 
proportionately more decreased than any other major fat 
depot. The results of their study indicated that there was a 
minimal accumulation of fat in the mammary gland of 
undernourished rats when compared to controls, and also a 
reduction in the quantity of cytoplasm and cytoplasmic 
material related to secretory activity (Rosso et al., 1981). 
The maternal neglect and maternal cannibalism found in the 
Study of Wilson and Gisolfi (1980) may have been associated 
with underdevelopment of the mammary tissue or insufficient 
fat in the mammary tissue and consequently insufficient 
production of nutrients to feed the nursing young, leading 
to maternal neglect and cannibalism. Further study in this 
area 1S required. 

PREGNANCY AND EXERCISE IN THE MOUSE: 

Terada (1974) investigated the effects of training 
before pregnancy on the developing fetus and maternal mouse 
when the pregnant females were forced to run during 
mid-gestation. Terada used four groups of mice: animals 
trained for four weeks prior to pregnancy at a treadmill 
speed of 15 m/min for one hour/day, six days/week, and then 
forced to exercise during mid-gestation (15 m/min for 30 
minutes on the 9th to 16th days of pregnancy) (TE group); 
animals trained by the same four week exercise program 
before pregnancy but not exercised during pregnancy GrCc 
group); animals only forced to exercise during mid-gestation 


(CE group); and animals neither trained nor exercised during 


gen Hole Vena a9 0a 

eb rotem “ndoe eng many soeanioet iaz08 

« gveds sact bevel ved bude ‘ptons, ie’ ; 

to brat. cane! ott: ak tak 96 pols | 
oe alo nen Soe regos: nody any oeddet 
pianeaLgodyo kere anatgoayy ic valgnoup eit a i 
Get... iw 42 geeky Civeieee ceonaiann-o9 saan 
ide 2 Rave Siedfoness Lavt ra taat Soa apttpon . xc | 
aioenin mivedt. ovind yam: (OBGE) eb it ti 
Vivet? so Gyan he yxenaem oe Mo srigngeLavehs bite 

Iyuanth ghenbipeades btw ud 2 periein op at 

al ooaney, gate tiny eds beed of waembtiiw Ro noi: 

Cou 4a teak acigaetanes| baa doatieen Lonkoi ; 
ton abertopes a ia , 


de 


oy 


a a) a 


ae 


iiniren, Ye ais t¥s ada’ me | 

inn.) Tigi ‘sin Sie, awtid eahqosavab: ots, wo Llemielinee a 
sisi ele By eeweh: actin. aorteaet drenperg sit node” 

ba Hat rT 1o aise 903) pea seein .00} 3nd2 9gh Bem a | 

CS un care: tdi al an oating on soity aieew yoo. oF berkedd 
nity ‘tine Wonvvegeb: wit pabiared ene ‘yo, sieve Sf 26 beege 
hs. 20% ipa ety not at 2p he etal aeknrexs of bead 
cto ae (sorter 30 aya dat 7. GIN add ne ietanka 4 
ht ha lab etrinvsee jaow Tee ‘emis pity ye beri giz eflemins 
+ ebewesiaeriietae at b-vrb reid ah aon Sud-yannapetg sio3ed 


barih scales bike sian. icealie ptawine oa qany’ =) | 


1 ’ j 
i ’ —_ note? 
io ' vi Ty 
Me - a 


110 


pregnancy (CC group). The results indicated that the four 
week training program prior to pregnancy, significantly 
reduced the body weights in the TE and TC groups when 
compared to the body weight values of the CE and CC groups. 
Exercise during mid-gestation also interfered with maternal 
body weight gain in the TE and CE groups and also caused a 
Significant reduction in average daily food and water 
consumption in the CE group as compared to the values found 
in the CC group. In the CE group, forced exercise during 
mid-gestation caused an increase in fetal mortality rate 
(resorbtion and maceration) and a significant reduction in 
fetal body weight. The TE group, also forced to exercise 
during mid-gestation, had small fetal body weight values but 
did not indicate an increased fetal mortality rate, and both 
the CE and TE groups showed delay in fetal skeletal 
ossification. Terada (1974) concluded that the reduction in 
maternal body weight gain may have been due to a disturbance 
in caloric intake. Neither training, nor forced 
mid-gestation exercise affected litter size, or caused 
malformations. However, forced mid-pregnancy exercise caused 
a higher mortality rate and lower fetal body weights than 
the controls. Although the TE group also had smaller fetal 
body weights, the fetal mortality rate was significantly 
reduced and perhaps training before pregnancy may have 
reduced the effects of forced maternal exercise during 


mid-gestation (Terada, 1974). 
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PREGNANCY AND EXERCISE IN GUINEA PIGS: 

Several researchers from the same research lab have 
reported on the effects of maternal exercise on the fetus 
using pregnant guinea-pigs. Gilbert et a/J. (1979) studied 
the effects of maternal exercise and environmental hypoxia 
(12% oxygen) on placental diffusing capacity. The exercise 
protocol was a treadmill speed of 10 m/min up an 8% grade 
for 15 minutes twice daily for six days and once on the 
seventh day. The exercise was begun between the 13th and 
17th days of gestation. Between 62 and 64 days of gestation 
(term=67 days) diffusing capacity of the placenta, fetal 
_body weights, fetal heart and brain weights, placental 
weight and maternal body and heart weights were measured. 
The results indicated that exercise of this intensity did 
not cause a reduction in fetal body weights or organ 
weights. Experimental hypoxia, however, did cause a 
Significant reduction in both fetal body and brain weight 
values, and an increase in placenta:body weight and 
heart:body weight ratios. The placental weights of both 
experimental groups were the same as control values. In the 
experimentally hypoxic animals, placental diffusing 
capacity/kg fetal weight was increased markedly. In 
contrast, the placental diffusing capacity decreased 
significantly in the exercising animals. The authors 
concluded that experimental hypoxia significantly decreased 
fetal and brain weights, while the fetal brain:body and 


heart:body weight ratios were larger. This suggested that 
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the fetal brain and heart grew disproportionately larger 
than the rest of the body which resulted from the 'sparing' 
of brain and heart by a redistribution of fetal cardiac 
output favouring these 'survival' organs (Gilbert et al., 
1979). Maternal exercise, however, did not alter fetal body 
weight, or organ weights when compared to controls. 

In a later study, Gilbert et a]. (1981) assessed 
different intensities of maternal exercise on the fetuses of 
pregnant guinea-pigs exercised only during pregnancy. The 
maternal exercise intensities consisted of a treadmill speed 
of 9.7 m/min up a 6.5% grade at one of five exercise levels. 
The first level consisted of maternal exercise for 15 
minutes, once daily, the second was 15 minutes, twice daily, 
total time 30 minutes; the third was 15 minutes three times 
daily, total time 45 minutes; the fourth was 15 minutes, 4 
times daily, total time 60 minutes. The final group did not 
exercise (0 minutes). All the exercising animals ran 5 
days/week. The authors assessed fetal body and organ 
weights, placental weight and maternal body and heart weight 
near term (on days 63 and 64 of gestation). The results 
demonstrated a decrease in fetal body weight, placental and 
fetal kidney weight values as the level (time) of maternal 
exercise increased. No changes were exhibited in fetal heart 
and brain weight but the ratio of heart:body weight and 
brain:body weight ratios were increased at the higher levels 
of exercise. Fetal body weight values were found to decrease 


by 30% in the 45 minute/day exercise group and by 11% in the 
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60 minute/day exercise group. The results also demonstrated 
a decrease in placental weight and a reduction in placental 
diffusing capacity/kg of fetal weight. The authors suggested 
that the fetus was compromised at the higher levels of 
exercise by a smaller placenta with less diffusing 
capacity/kg of fetal tissue (Gilbert et aJ., 1981). 

In a more extensive report of the same experiment, 
Nelson et a]. (1983) showed that maternal body weight 
decreased significantly with increasing levels of exercise. 
It appeared that the maternal body grew at a slower rate 
during gestation in the exercise groups than in the control 
group. They determined this by estimating the maternal 
growth rate which was equivalent to total maternal weight 
minus fetal and placental weight at term, divided by the 
number of days of gestation. No alterations were found, 
however, in maternal heart weight values for the exercising 
groups. The authors concluded that the decrease in fetal 
body weight values did not become apparent until a maternal 
exercise intensity level greater than perhaps thirty minutes 
per day was attained. Maternal exercise produced detrimental 
effects on fetal growth and development. These effects were 
first observed at low levels of maternal exercise by 
alterations in placental weight and placental diffusing 
capacity, whilst at the higher levels of exercise, 


reductions in fetal body weight were observed (Nelson et 


al. ,#1983). 
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Smith et a]. (1983), also from the same research lab, 
used stereological techniques to assess the peripheral 
labyrinth exchange area of guinea-pig placentas from the 
Same execise protocol used by Gilbert et a]. (1981) and 
Nelson et al]. (1983). The data demonstrated that placental 
diffusing capacity and maternal surface area in the 
peripheral labyrinth exchange area both decreased as the 
level of maternal exercise increased. The ratio of fetal 
weight:maternal weight varied as a function of placental 
diffusing capacity. In comparing the sum of maternal and 
fetal placental surface areas for each exercise group with 
the average fetal weight values for each group, it was 
demonstrated that the fluctuations found in fetal surface 
areaS may compensate, at least in part, for the decrease 
found in maternal vasculature, which may prevent changes in 
fetal weight, at least at the more mild levels of exercise 


(Smith et al]., 1983) 


EFFECTS OF PREGNANCY AND EXERCISE IN SHEEP (AND PYGMY 
GOATS): 

Most of the literature pertaining to maternal exercise 
and the effects on mother and fetus has dealt with pregnant 
sheep and fetal lambs. The ewe and fetal lamb have been used 
extensively for invasive research monitoring uterine blood 
flow, pO, levels in both mother and fetus, and alterations 
in fetal blood flow and fetal metabolism (NICHD Summary 


Report, 1982). A review of the literature, however, 
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indicates that there are two groups of researchers, one 
group showing that there are no alterations in 
uteroplacental blood flow (UBF) and therefore no alterations 
in fetal environment as a result of maternal exercise, and 
another group of investigators, who have found significant 
changes in fetal growth in association with maternal 
exercise. These as yet unexplained variations in reports may 
possibly have resulted from differences in exercise 
intensities, the physical condition of the animals (trained 
Or untrained), or from other stresses indirectly related to 
maternal exercise (such as the invasive techniques) 
(Lotgering et al., 1983A). 

Emmanouilides et al]. (1972) examined the effects of 
repeated bouts of acute maternal exercise on the sheep fetus 
in twelve pregnant ewes. In four of these ewes an umbilical 
artery was deliberately ligated to produce a state of 'fetal 
distress'. The range in gestational age that surgery 
occurred was between 100 and 130 days (term=about 147 days). 
In group A, a catheter was placed into the fetal abdominal 
aorta and another was placed into the umbilical vein. In 
group B, 'fetal distress' was induced by ligation of an 
umbilical artery, and a catheter was inserted into the fetal 
aorta. A catheter was also inserted into one of the maternal 
carotid arteries. After eight to thirty-two days following 
the initial operation, the pregnant ewe was exercised on a 
treadmill at 2.0-2.5 miles/hour for 30 to 60 minutes. As a 


result of experimentation, five of the pregnant animals gave 
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birth to near-term viable offspring, one ewe with a twin 
pregnancy died of a ruptured uterus after the fourth 
exercise test, and one ewe spontaneously delivered a 
Stillborn lamb three days after the fifth exercise test 
(total number of exercise tests were not given). The authors 
indicated that this type of maternal exercise in the sheep 
induced decreases in fetal pO2 values suggesting a 
diminished oxygen supply to the fetus. This alteration was 
usually transient and tolerated fairly well in fetuses 
without umbilical ligation. However, the fetuses (in group 
B) with ligated umbilical arteries were unable to tolerate 
maternal exercise as well as the fetuses of group A 
(Emmanouilides et a/]., 1972). The authors also postulated 
that the decreases in fetal oxygenation found during 
maternal exercise was probably due to a reduction in UBF. 
It is difficult to attribute the results of 
Emmanouilides et a]. (1972) only to the effects of maternal 
exercise. The pregnant animals were not trained or even 
familiarized to the treadmill apparatus. In addition, the 
animals were all at various gestational ages and the initial 
exercise testing occurred between 8 and 32 days after 
Surgery which may have altered the results. The fact that 
Emmanouilides et a]. (1972) reported five 'near-term' 
deliveries, one death of a pregnant ewe from a ruptured 
uterus after four exercise sessions and the birth of a 
Stillborn lamb after five exercise sessions would indicate 


the stressfulness of the techniques involved; surgery, 
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invasive catheters, new apparatus (treadmill) and 
environment. The results of their study may not only 
indicate the effects of acute maternal exercise but also may 
demonstrate the reaction of the animal to additional stress. 

Longo et al. (1978) also reported a significant 
decrease in fetal descending aortic pO2 values which fell by 
19% in nine chronically catheterized fetal lambs. They 
exercised their pregnant ewes at a treadmill speed of 43 
m/min for 20 to 45 minutes at 10° inclination. Again, no 
mention was made of either familiarization of the animals to 
the equipment or to any training protocols. The authors also 
reported a significant decrease of 59% in uterine blood flow 
(measured with an electromagnetic flow probe) during 
maternal exercise. Four ewes were exercised for 15 minutes 
twice daily during the last three to four months of 
pregnancy. The fetal lambs of these animals weighed 
Significantly less than controls. The authors concluded that 
'moderate' to 'heavy' 'suStained' maternal exercise resulted 
in significant fetal ‘hypoxia' and may cause intrauterine 
growth retardation (Longo et al., 1978). 

Chandler and Bell (1981) also found that acute exercise 
at 0.7 miles/hour on a 10° incline for 60 minutes produced a 
reduction in UBF of 36% in pregnant ewes near term. Fetal 
pO, values also declined. These findings would support the 
results2 ofl Longorettal (641978) « 

In two more recent studies Lotgering et a]. (1983A and 


1983B) (from the same research lab as Longo et a/., 1978) 
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examined acute exercise responses in pregnant catheterized 
sheep. In a preliminary experiment they determined VO2zmax in 
each of the thirteen animals (gestational age was not given) 
by assessing cardiac output and arteriovenous oxygen content 
difference during intermittent exercise sessions of ten 
minutes at increasing levels. Following this, in the main 
experiment, UBF during three different exercise intensities, 
waS measured. The first exercise intensity lasted for 10 
minutes at 70% VO,max, the second for 10 minutes at 100% 
VO7max, and «the ‘third ‘session was 140. qninutes: ain) duration; 

at 70% VOz,max. The gestational age at the time of study was 
117 to 138 days of pregnancy. The ewes were conditioned to 
walk on the treadmill at varying speeds for short 
intermittent periods of time totalling 10 minutes daily for 
one week before surgery occurred. The pregnant animals were 
removed from food 12 to 24 hours before surgery, although 
free access to water was given. During surgery the fetal 
ascending and descending aorta, superior and inferior vena 
Cava were catheterized. The maternal animal was also 
catheterized to determine UBF. 

The results of Lotgering et al. (1983A) showed that UBF 
was reduced immediately at the onset of maternal exercise 
and remained significantly below control values for the 
duration of exercise. A more pronounced reduction in UBF 
occurred with the heavier exercise sessions (100% VO2max) 
and with exercise of longer duration (70% VOzmax for 40 


minutes). After the exercise sessions the UBF gradually 
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reached pre-exercise values within 20 minutes, and after the 
longer exercise session an insignificant overshoot of 4% 
above resting blood flow occurred. Plasma volume was also 
found to decrease an average of 20% during exercise at 70% 
VOzmax. An alteration in plasma protein concentration was 
also found but was only 24% of the change in plasma volume, 
which indicated, however, loss of both water and proteins 
from the intravascular compartment. The authors concluded 
that acute exercise during pregnancy caused major 
physiological alterations in the maternal animal, such as a 
reduction in UBF (Lotgering et al., 1983A). 

The results of Lotgering et a/J. (1983B) demonstrated 
considerable temperature increases during maternal exercise. 
Also, a decrease in fetal arterial oxygen content of 27% and 
a reduction of 11% in fetal oxygen tension during prolonged 
maternal exercise (40 minutes at 70% VO2max) were reported. 
There were increased maternal and fetal lactate 
concentrations during the 40 minute exercise session (70% 
VOzmax). During short exercise sessions, however, fetal 
lactate values did not alter significantly despite elevated 
maternal values. Glucose and lactate are actively 
metabolized by both the fetus and placenta (Burd et a]l., 
19752 Charr and Creasy, 1976; Lotgering et al., 1983B) and 
because of this it is difficult to determine the 
physiological implications of increased plasma 
concentrations as a result of maternal exercise. No acute 


alterations were reported in placental diffusing capacity 
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during maternal exercise when compared with pre-exercise 
control values. Despite the significant reduction in UBF 
during maternal exercise, uterine VO, was maintained as a 
result of maintained oxygen hemoconcentration and increased 
uterine oxygen concentration. The authors suggested that 
acute maternal exercise of these intensities did not 
represent a major hypoxic or stressful event to the 
developing fetus (Lotgering et a/., 1983B). 

The conclusions suggested by Lotgering et a]. (1983A 
and 1983B) were in direct contrast to Emmanouilides et al]. 
(1972), Longo et al]. (1978) and Chandler and Bell (1981) who 
reported that maternal exercise may cause intrauterine 
growth retardation. Perhaps the familiarization of the 
animals in the studies of Lotgering et a]. (1983A and 1983B) 
reduced the stress of an unfamiliar situation and apparatus. 

The results of Lotgering et al. (1983A and 1983B) also 
Support the findings of other researchers using catheterized 
pregnant ewes who found no alterations in fetal lambs as a 
result of acute maternal exercise (Orr et aJ., 1972; Curet 
et al.,1976; Clapp, 1978; Clapp, 1980). However, it should 
be pointed out that Orr et aj. (1972) reported a 
non-significant increase in UBF during maternal exercise (no 
animal familiarization was reported). Curet et a]. (1976) 
analysed UBF following maternal exercise and also reported 
no significant change. This latter group of authors 
'trained' their pregnant animals for three weeks prior to 


measurement. The 'training' protocol, however, was a 
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treadmill speed of 3 miles/hour, 10% elevation to the point 
of exhaustion twice a week for the three weeks prior to 
experimentation. Clapp (1980) found a significant reduction 
in UBF in near-term pregnant ewes only with the onset of 
exhaustion (by acute sustained treadmill exercise). The 
pregnant animals were accustomized to a stationary treadmill 
for one to two hours aatn lines availability of food and 
water (Clapp, 1980). 

Errors in measured UBF may be an important variable 
during maternal exercise. For example, Lotgering et al. 
(1983A) listed four major problems. These included technical 
errors in the use of an electromagnetic flow probe, movement 
in the flow probe during maternal exercise resulting in 
vessel spasm, contraction, or stimulation of a sympathetic 
response, excessive catecholamine release before or during 
maternal exercise because of the stress of the treadmill and 
the new environment, and incorrect surgical techniques (such 
as denervation of uterine vessel sympathetic nerve supply). 

The studies of maternal exercise in pregnant Pygmy 
goats should not go without mention. Dhindsa et a]. (1978) 
reported that pregnant Pygmy goats, accustomed to standing 
on a treadmill and walking at 1.5 miles/hour up a 10° grade 
for ten minutes, one to two times per week, produced 
significantly smaller twin birth weight values than matched 
controls. The singleton’ births of exercised mothers were of 
normal weight. However, before each study session the 


pregnant goats were kept from food for 20 hours but were 


ie 


' aoe cae qe " 


eel 2a dvemes7o @ nise- swe. at 
\ inhasvs | Beltaihepe esas yd) cok 


in 


den 6008 dealt glauineisp ia 
‘iets Soe ‘dabe. aqtiod ows on ‘ial 
tome ay sf 


hi ae 


Helgn fe ea) Yana Sores Aa a16uy se 
otaseded) 2 igiaas is% gateress innate" 
wilantk sear surf ty “ost mer peseli 
ot WORK: > dotaiaes pele: rate ene acy Oem 
jean. 98 is Lererem petiub: ating wohis 
fitve B te shh dh ae iokraasgnibe eaaga. 
s" 4240 9R6 shit's onium ietondng oubenees 8 
times ui i 3ph geense agit aq seueoad aa) otnKe £ 
cafe) asuninieer 2 asheRue igssaopnd Me | sdnganon ive wae 
tai oisydamames iaeasy, sntasaw 0 fe rtevtIeh 


Ss | = le 
| 
engy'd 4 ieeieeas aK ek op ‘Lantesger m sethose ver 


pi 


Pa 


- 


eM "es hebnidd .nesecer, suontiw gg ton Slvods. ete 
dsp of Bametsuavs J Sasne qnaye Jngtgszq .aaits coraicia 
shato "Ot s Seale Naar 2.1 9s Bilt tikew iia £itmbeat? : 5 00 

pacuboxy  ddae en senaia ows oj ono .zedunim od 102 
seat ned? eeul ey Tady ley Ase ews a9fhenn qitnspitingte’ 4 
i¢ axaw. @yetion) baaimats) GG anime gogetpnie et? ,eforsnoD : 

; arts no Leese yburr Asan e1oled ,tevevolt -Jtgisyv: benon Gj 


thy ged ‘wiibe os 764 baot el atl 978K 22809 snenveng 


po ‘ on 
ge ; i 
7 ' ir Me i - | 9 Che 


122 


allowed free access to water. Since maternal nutrition is an 
important element in fetal growth and development (Young, 
1976), perhaps the 20 hour food deprivation in these 
pregnant goats in combination with maternal exercise may 
have played an important factor in fetal outcome, especially 
in multiple pregnancies. 

Hohimer et al]. (1984) measured UBF in exercised 
pregnant Pygmy goats, and in addition, these authors 
separated UBF into myoendometrial and cotyledonary 
(placental) components of uterine vasculature. Pregnant 
Pygmy goats (of approximately 80 days gestation) were taught 
to walk on a treadmill at a speed of 0.5 miles/hour for 10 
minutes, three times/week. The speed was gradually increased 
to between 1.5 and 2.0 miles/hour up a grade of 10° or 15°, 
three times/week. This type of exercise did not affect birth 
weight values when compared to controls, even in twin 
births. However, uterine artery blood flow was decreased by 
32% from control values and total uterine blood flow 
decreased by 18%; cotyledonary (placental) blood flow by 8%, 
while myoendometrial blood flow dropped by 52%. The authors 
concluded that the nonplacental portions of the uterus in 
pregnant Pygmy goats showed significant alterations in blood 
flow as a result of acute maternal exercise. This 
redistribution of blood flow from the myoendometrium to the 
placental portions would agree with Curet et al]. (1976) who 
also reported the same effect as a result of maternal 


exercise in pregnant sheep. 
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In contrast to the report of Dhindsa et a/. (1978), 
Hohimer et a]. (1984), also from the same laboratory, 
reported no significant reduction in the birth weight values 
of twin kids born to goats of their study. Hohimer et al. 
(1984) based this difference on the way in which the goats 
were 'trained' to exercise. In the previous experiment 
adversive shock treatment was given to any animal that 
stopped exercising, whilst in the latter study the goats 
were 'trained' to exercise by rewarding the animal either 
with food or by petting when the pregnant goats performed 
well (Hohimer et a/]., 1984). 

PREGNANCY AND EXERCISE IN HUMANS; 

The normal alterations in mammalian pregnancy that 
occur such as an increase in maternal blood volume, cardiac 
stroke volume and cardiac output and redistribution of organ 
blood flow are more pronounced in human pregnancies than in 
other mammals (NICHD Summary Report, 1982). Maternal 
hemodynamics in the human are uniquely sensitive to 
alterations in body position especially towards the later 
Stages of gestation (Ueland et a/., 1969; NICHD Summary 
Report, 1982). In addition, normal maternal resting heart 
rates have been shown to increase approximately 10 to 15 
beats/minute above non-pregnant values (Artal et a/., 1981), 
while in the pregnant rat, for example, no significant 
differences were found in resting heart rate values between 
paired pregnant and non-pregnant rats (Atherton et al., 


1982). The upright human posture and the pooling of venous 
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blood in the lower extremities (Metcalfe et a]., 1981) may 


cause the heart of the pregnant woman to work harder to 


compensate for this pooled blood and hence the elevated 


heart rate. 


Not only do problems exist in comparing quadruped data 


to human data but also the following problems are found in 


the literature relating to human data alone: 


ue 


The training state or preconditioned status of the 
exercising pregnant woman usually is not 


mentioned. 


The assessment of exercise effects occur during 
different gestational periods, usually the third 


trimester. 


The nutritional aspect of pregnant women cannot be 


controlled. 


The position of the exercising woman must be taken 
into account. Supine positions are found to cause 
occlusion in the inferior vena cava by the 


pregnant uterus (Metcalfe et a]., 1981). 


Weight-bearing exercise (such as treadmill 
running) cannot be compared to non-weight-bearing 
exercise (such as swimming and/or bicycle 


ergometer exercise) (Knuttgen and Emerson, 1978). 


The intensity of the maternal exercise must be 
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taken into account. 


De Subject criteria such as weight and age must also 


be reported. 


St The differences between the effects of voluntary 
maternal exercise, such as recreational 
activities, and forced maternal activity such as 
that experienced by women who must seek employment 


outside the home, must be considered. 


Acute Responses to Exercise in the Pregnant Human: 

In 1970, Guzman and Caplan reported the monthly 
cardiorespiratory response to standardized mild and moderate 
bicycle ergometer exercise in 8 pregnant women from the 
first trimester until term and 3 months postpartum. The 
parameters measured included; maternal heart rate (HR), 
respiratory frequency (f), VOz, and cardiac output (CO) at 
each of the exercise levels; 150, 250 and 350 kg-m/min. Ten 
minutes of rest were allowed following each test. The women 
had a mean age of 24.2 years (range=16 to 33 years). The 
results showed that as pregnancy advanced, the resting 
ventilation increased non-proportionately with the amount of 
oxygen consumed and thus a resulting decrease in alveolar 
pCO, occurred. During exercise this same occurrence was 
replicated with the resultant decline in alveolar pCO:2. 
There was a progressive rise in HR throughout gestation 
which was most noted at the lowest workload. At increasing 


levels of work, HR was significantly higher than postpartal 
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values. There was no decline in resting CO near term perhaps 
because the subjects were meaSured in the sitting position 
rather than in supine recumbent. There was an increase in 
exercise CO per unit increase in oxygen uptake and this was 
proportionately similar in all stages of gestation which 
compared well to control measurements. This indicated good 
myocardial reserve. However, the pregnant women reached 
maximum CO at a lower level of exercise than when 
non-pregnant. The increase in CO during exercise was 
attributed to an increase in HR and SV, with HR contributing 
more during late gestation, particularly at the lower 
exercise workloads. The authors concluded that whatever the 
mechanism of the "hyperkinetic" aspect of gestation, it 
appeared to be well established before the 20th week, did 
not change with the size of the uterus or conceptus, and was 
sustained until the time of birth. The rate of increase in 
ventilation and in CO with increasing work done were similar 
throughout gestation as in the state of postpartum which may 
imply that the physiological response to exercise is the 
Same in both conditions. However, in the pregnant state, 
women reach their maximal work tolerance at a lower work 
level than in the non-pregnant (postpartal) state (Guzman 
and Caplan, 1970). 

Ueland et al].(1973) suggested that standard exercise on 
a bicycle ergometer costs more, with regard to oxygen 
consumption, at term than it does in early pregnancy or 


postpartum but this difference is not significant. The 
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greater response of the maternal heart during exercise 
(sitting) and the increased mechanical effort of breathing, 
to a standard workload evokes a greater CO than does the 
same workload postpartally. The larger CO supplies a high 
mean oxygen tension in the peripheral capillaries expecially 
during early pregnancy at rest and during this type of 
Standard work. The kidneys and uterus are thought to be 
hyperemic during early pregnancy and this adjustment 
persists during exercise in the sitting position. Thus, 
these tissues have their oxygen needs provided at a 
relatively high p02. 

Pernoll et ai]. (1975) measured oxygen consumption in 12 
normal pregnant women, at rest, Sitting on a bicycle 
ergometer and during standard steady-state exercise. The 
subjects ranged in age from 25 to 34 years, with a mean 
weight of 60.6 kg (range 53.2 to 69.5 kg). The workload was 
50-Watts, pedalling rates of 40-50 rpm, with a fixed 
workload of 306 kpm/min. The duration of exercise was 6 
minutes. The results showed a progressive increase in 
resting VO, as pregnancy advanced, reaching 33% above 
non-pregnant levels (12 to 14 weeks postpartum) by 39 to 42 
weeks gestation. VO2 during standard steady-state exercise 
also increased progressively as pregnancy advanced reaching 
a mean of 15% above non-pregnant values (12 to 14 weeks 
postpartum) at 39 to 42 weeks of gestation. Using paired 
t-test values, a significantly greater oxygen debt 


(approximately 14% larger) was found at 30 to 42 weeks of 
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pregnancy compared to 12 to 14 weeks postpartum. The authors 
stated that a small portion (about 20%) of the increased 
oxygen cost of exercise during pregnancy may be due to the 
increased work of the respiratory muscles associated with 
hyperventilation. CO also increases more during standard 
exercise in the pregnant woman, thus elevated myocardial VO, 
may add to the rise in oxygen debt of maternal exercise 
during pregnancy. However, the augmented VO, during exercise 
and the oxygen debt incurred in late pregnancy when compared 
to postpartal values, appeared to be substantially larger 
than could be explained by the increased amount of 
respiratory and myocardial work. They concluded that the 
efficiency of performing mild maternal muscular exercise 
decreased in humans during pregnancy (Pernoll et a/., 1975). 
Artal et al]. (1981) exercised pregnant women for 15 
minutes on a motorized treadmill at a constant speed of 2 
mph. This type of activity was considered to be "mild" 
exercise estimating an oxygen consumption of under 0.5 
l/min. Maternal average heart rate increased to 104+2.7 
beats/min. Dressendorfer and Goodwin (1980) had their 
pregnant subjects pedal a bicycle ergometer while sitting in 
a semi-recumbent position, progressively increasing the 
workload by 150 kg-m/min every 2 to 3 minutes until maternal 
heart rate approached a pre-determined endpoint of 150 
beats/min. Oxygen consumption for the exercising pregnant 
women on the ergometer increased from a resting value of 
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beats/min. This was considered to be aerobic exercise of 
approximately 80% of maximum. Maternal systolic blood 
pressure values increased substantially in both groups of 
exercising pregnant women. 

It is interesting to note that in both groups of 
exercising women, whether they were engaged in 
weight-bearing or non-weight bearing activities, oxygen 
consumption increased proportionately to the amount of work 
done as determined by oxygen consumption at the working 
maternal heart rate. Resting maternal heart rate was 
approximately 12 beats/min lower in the more "fit" group 
during the same gestational time period. 

The classic study by Morris et a]. (1956) should not go 
without mention. The authors measured UBF before, during and 
after exercise in 21 normal pregnant and 19 pre-eclamptic 
pregnant women. The women exercised on an "exercycle" 
devised for bed use and each woman pedalled to maintain a 
speed of 10 mph for 4-5 minutes. They then stopped, and 
diffusable sodium ion injections were made into uterine and 
leg sites. They continued cycling for 6-9 minutes more, 
reaching an average of 450 revolutions in 10-16 minutes of 
total work done. There was no difference in the amount of 
work done between the normal and hypertensive groups. The 
results showed that blood flow to the thigh muscle during 
exercise almost doubled from resting values with a decrease 
in UBF. On cessation of exercise the blood flows were 


reversed. The initial restoration of UBF was so dramatic 
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that it was termed a "flush-back" of blood to the uterus. 
These researchers concluded that during normal pregnancy 
resting blood flow to the abdominal viscera is in excess of 
required oxygen so that during exercise a considerable 
amount of the blood supply can be shunted to maternal 
working muscles without detriment. In a normal pregnancy the 
ability of the fetus to withstand blood flow fluctuations 
from maternal activity depends on the amount of reserve and 
on a functionally efficient placenta. The "flush-back" 
effect was found to be greater in the pre-eclamptic women 
which may suggest that uterine hypoxia may be greater than 
in the normal pregnant woman (Morris et a/]., 1956). However, 
the women in Morris et al]. study (1956) participated in the 
exercise while in bed in the supine recumbent position and 
Since supine position during pregnancy has been shown to 
occlude the IVC and the abdominal aorta (Metcalfe et al., 
1981), it raises the question of whether the values reported 
are not actually artifact resulting from the maternal 
position during exercise. 

Physical Training During Pregnancy In Humans: 

Erkkola (1976A) examined the influence of physical 
training during pregnancy on physical work capacity (PWC) 
and circulatory parameters in a group of 6 healthy pregnant 
women. The subjects were primigravidae between 20 and 26 
years of age. The pregnant women were divided into 2 groups. 
The training group began a training program in the 10th to 


14th week of pregnancy and continued until term. These women 
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were instructed to perform one hour of strenuous exercise 
three times per week throughout pregnancy. The women 
controlled the intensity of the exercise session by 
monitoring HR to 140 beats/min several times during the 
hour. During the first two trimesters all exercise types 
were recommended but during the last trimester bumping or 
compressing exercises which compressed the uterus were not 
allowed. All of the women in the training group exercised 
over 60 hours total training time and about 50% of them 
exceeded 80 hours. The control group did not participate in 
any extra activities. In the 38th week of gestation all the 
women had a preliminary 12 minute work bout on a bicycle 
ergometer. The test ended when maximum voluntary fatigue 
occurred. The results showed that the pregnant training 
group improved their "physical fitness" by 27% which was 
Significantly higher than in the control group. The PWC in 
the training group improved about 10% during pregnancy and 
at 2 weeks before the end of gestation PWC was at the same 
level as in non-pregnant women of the same age. At term all 
HR and blood pressure readings were lower in the training 
group compared to the control group but these differences 
were not significant. Erkkola (1976A) concluded that 
training had little influence on HR and blood pressure 
parameters during pregnancy. No disturbances in pregnancy 
were noted as a result of the submaximal exertion test on 
healthy women in various aspects of gestation although the 


effect on the fetus were not measured directly (Erkkola, 
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1976A). 

In another study by Erkkola (1976B), he determined the 
correlation between maternal PWC and the course of 
pregnancy, labour and birth outcome. The 149 pregnant women 
were between 20 and 26 years of age. PWC was analyzed in the 
Same manner as his previous experiment (Erkkola, 1976A). All 
the women were examined on the 38th week of gestation. The 
results showed that pregnant women with a PWC above the mean 
value for non-pregnant women had an "almost" significantly 
shorter labour time, when it waS spontaneous. There was 
almost a significant difference between infants weighing 
over a3. 5 tkg e727 Ibi inicthisegroup (of iwomen:sthan jin) ‘the 
group with a PWC value below that for non-pregnant women. 
The more "fit" group also had heavier placental weights 
(without umbilical cord and membranes). As mentioned 
previously Erkkola (1976B) presumed that a high maternal PWC 
leads to a heavier placenta with a better circulation and 
gaseous exchange which is therefore beneficial for fetal 
well-being. 

Dressendorfer and Goodlin (1980), monitored maternal 
heart rate (HR) in the 5 pregnant physically fit women 
(between 32 and 39 weeks gestation) and fetal heart rate 
(FHR) responses during maternal exercise on a bicycle 
ergometer were also measured. These pregnant women 
participated in a moderate endurance training program 
consisting of lap swimming 30 to 45 minutes at least three 


times/week during pregnancy. The exercise stress test which 
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monitored fetal and maternal HR was progressively increased 
from 150 kg-m/min every 2-3 minutes until each subject 
completed a workload of 150, 300, 450 and 600 kg-m/min 
without volitional fatigue. The predetermined end point for 
maternal HR was 150 beats/minute. The measurements of 
maternal and fetal HR were obtained during exercise in the 
last minute of each workload. The average fetal base-line HR 
before exercise was 142 beats/minute (range=135 to 152). FHR 
recorded at peak exercise averaged 149+5 beats/minute. The 
results indicated that the HR's in both mother and fetus 
increased linearly with greater production of aerobic 
energy. However, FHR increased by only 7 beats/minute above 
the base-line pre-exercise level while maternal HR rose by 
70 beats/minute. FHR increased approximately one beat/minute 
to every 10 beats/minute increase in maternal HR during 
graded submaximal exercise. The author's suggestions to the 
possible causes of this slight but uniform augmentation in 
FHR were an elevated circulating catecholamine level in the 
exercising women, perhaps the increase in fetal movements 
that were also noted during exercise, and an increase in 
uterine contractions. Since extreme beat to beat variability 
in FHR at rest and during exercise occurred and was found to 
range between 5 to 20 beats/minute and a cyclic variability 
in FHR of 10 to 20 beats/minute was observed in all 
subjects, the authors concluded that the findings portrayed 
a normal FHR response to dynamic exercise of a submaximal 


workload and the aerobic exercise which increased maternal 
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HR to about 80% of max VO2 did not elicit changes leading to 
sustained fetal bradycardia or tachycardia. 

Collings et al]. (1981) trained 12 pregnant women at 65 
to 70% of their max VO, for three 30-minute sessions per 
week on a bicycle ergometer throughout the second and third 
trimester. Acute fetal responses were assessed by 
auscultation of FHR before, during and after the exercise 
sessions. Average FHR 10 minutes (average=147 beats/minute) 
and 20 minutes (average=148 beats/minute) into the exercise 
session and 5 minutes after the exercise bout (average=147 
beats/minute) were significantly greater than pre-exercise 
FHR values of 143 beats/minute (p<0.01). Long term fetal 
effects from maternal training were determined by the 
comparison of birth outcome (birth weight, length, placental 
weight, 1 to 5 minute Apgar scores and gestational age) 
between the training group and a control group (who did not 
participate in any regular exercise program). There were no 
Significant differences between the training group and the 
control group with regards to birth outcome or labour 
duration. The authors concluded that FHR increased slightly 
during maternal exercise but still remained within normal 
limits. Regular exercise of this type did not influence 
length of labour or birth outcome (Collings et a/. 1981). 

Dale et al. (1982) studied the effects of running 
during pregnancy involving both retrospective and 
longitudinal neonatal evaluation of 33 pregnant runners and 


11 controls (pregnant non-runners). The retrospective sample 
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included women who experienced pregnancy in the past 5 years 
and ran during the duration of that pregnancy. These 21 
women were between 24 to 35 years of age (average=30 years) 
with a prepregnancy weight of 50 kg (110 lb.). All of the 21 
women had run prior to pregnancy with a mean prepregnancy 
distance/week of 18.7 miles. The average distance run in the 
first trimester of pregnancy was 14.2 miles/week; 10.9 
miles/week in the second trimester and 6.6 miles/week during 
the last. The average prepregnant running speed was 8.5 
min/mile which increased to 10.25 min/mile during gestation. 
Infant birth weights were from 2.0 kg (4 lb 7 0z) to 4.36 kg 
(9-16 Se0z)%with acmean’ birth weight*of!3s4.kg2(7:5°1bi). 
All infants except 2, were born at term. 

This longitudinal study (Dale et a/]., 1982) monitored 
Simultaneously maternal and fetal HR patterns before, during 
and after exercise. Twelve pregnant runners were assessed in 
this manner while engaging in treadmill running. The 
subjects were monitored in the left lateral position for 10 
minutes prior to treadmill running. The exercise protocol 
began at 2 miles/hour with an incline of 3°. After 2 
minutes, the speed increased to 4 miles/hour with an incline 
of 5%. Three minutes later the speed was kept constant while 
the incline was increased to 10%. From standardized charts 
maternal submaximal HR was determined to be approximately 
80% predicted max V02. Upon completion of the exercise test, 
the subjects returned to the left lateral position for 


another 15 minutes. Eleven pregnant controls were matched 
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with the group of 12 pregnant runners. The mean age was 28 
years and the mean prepregnancy weight in the running group 
was 51.4 kg (113 1b) and for the control group the average 
was 52.7 kg (115.9 1b). This running group averaged 13 
miles/week for the first trimester; 12.9 miles/week for the 
second and 9.2 for the last. Training speeds decreased from 
9 min/mile to 12 min/mile during gestation. Mean infant 
birth weights were 3.4 kg (7.45 lb) and 3.5 kg (7.6 lb), 
respectively. The results of FHR monitoring in 3 pregnant 
women showed that initially during the exercise session 
there was a temporary decrease to 90-115 beats/min in FHR 
for 2 to 3 min., (compared to baseline levels of 125-140 
beats/min), with a recovery to the normal range (120 to 160 
beats/min) after the 3 to 3.5 min mark and before submaximal 
cardiac level was achieved. 

The results from Dale et a/. (1982) showed no 
Significant differences between the women who ran during 
pregnancy and the non-runner controls regarding labour 
length and delivery, and incidence of complications. There 
was, however, a "Suggestive trend" in the training group, of 
failure to progress during labour which resulted in an 
increased rate of cesarean section and more frequent major 
obstetric complications were found in the running group. 
Birth outcome showed that average infant birth weights were 
almost similar in both groups. However, there were more 
neonatal complications reported in the control group. The 


fetal bradycardia reported during the exercise test should 
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not be ignored. It was fortunate that the bradycardia was 
temporary and that recovery to normal patterns occurred 
while exercise was still in progress. The cause of the 
depressed FHR was difficult to explain but it does not 
appear to be due to the generation of metabolic acids (ie. 
lactic acid) because time of occurence was insufficient. The 
authors concluded that these results suggested that exercise 
stimulus of this type did not seriously compromise the 
function of the uteroplacental system (Dale et al]., 1982). 
By comparison of the FHR base-line values found in the 
study by Dressendorfer and Goodlin (1980) (135 to 152 
beats/min) to base-line values (125-140 beats/min) found for 
Dale et al]. (1982), there definitely is a large variation 
between these reports even though both are within the normal 
FHR range (120 to 160 beats/min) (Dressendorfer and Goodlin, 
1980). Both groups of pregnant women were defined as 
physically fit; in the first study the pregnant women swam 
(weight-Ssupported) while in the second study the pregnant 
women jogged (weight-bearing). The exercise stress test 
performed on both groups of women elicited a work load of 
approximately 80% VO2z but the first study was performed on a 
bicycle ergometer (again weight-Supported) and the second 
was performed on a treadmill (again including maternal 
weight). Both exercise tests were performed during the last 
trimester of pregnancy. The slight temporary decline in FHR 
reported in the treadmill group (90 to 115 beats/min) for 2 


to 3 minutes during exercise is interesting when this did 
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not occur in the weight-supported group; in fact a slight 
increase in FHR occurred. This difference is difficult to 
explain but perhaps the small number of pregnant women 
monitored in both groups (n=5 and n=3, respectively) and the 
inaccuracies found in recording FHR especially during 
maternal movements can add some insight. It is interesting 
to note that Collings et a]. (1981) also trained pregnant 
women on a bicycle ergometer and reported FHR values 
comparable to Dressendorfer and Goodlin (1980). The 
difference in baseline levels found could be attributed to 
the different maternal positions used for base-line 
monitoring; ie. Dressendorfer and Goodlin (1980) and 
Collings et a]. (1981) measured the pregnant women while 
seated on a bicycle ergometer and Dale et aj. (1982) 
monitored FHR while the pregnant women were in the left 
lateral position. As reported previously, maternal position 
can influence maternal resting cardiovascular measurements 
because of its effect on the inferior vena cava. Perhaps 
weight-bearing exercise in the human can somehow affect FHR 
response even though it appeared to be transitory. 

Collings et a]. (1983) assessed the effects of training 
on maternal and fetal responses. Twenty pregnant women 
participated in the study. Twelve of the twenty women 
Participated in a supervised exercise program based on each 
woman's max VO2. The resultant training intensity for the 
exercising women was 65% to 70% max VOz and the training 


heart rate average 152 beats/minute. The women exercised 
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three times/week for about 13.4 weeks and each exercise 
session began with 10 minutes of flexibility warm-up 
exercises, followed by 10 minutes of light pedalling on a 
bicycle ergometer. Each woman then pedalled at her 
prescribed training intensity for 25 minutes. Fetal and 
maternal HR were monitored. The results showed an 8% 
improvement in functional aerobic capacity of the training 
women when compared to the control women who did not 
exercise during pregnancy. The results also suggested that 
maternal exercise of this level did not affect fetal growth, 
as indicated by no difference in birth weight, birth length, 
and placental weight values when compared to controls. A 
small significant increase was found in FHR values during 
maternal exercise of this intensity level (from 144 
beats/minute to 148 beats/minute) although these values were 
within normal range. No beneficial or detrimental effects 
were seen on labour duration as a result of the maternal 
exercise (Collings et al., 1983). 

There is one other factor that must be considered when 
assessing exercise and pregnancy in the human and that is 
the effects of working outside the home during pregnancy on 
fetal outcome. Naeye and Peters (1982) analysed 7,722 women 
who were placed in one of three work categories: they did 
not work outside the home; had employment outside the home 
that required sitting most of the time; or had employment 
outside the home that required standing most of the time. 


The study reported that women who held employment outside 
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the home had lower birth weight values than women who 
remained at home during the last trimester of pregnancy. The 
smaller birth weight values were most severe when the 
employed women had stand-up jobs, continued employment until 
near the end of gestation, were hypertensive or had other 
children to care for when they returned home from work 
(Naeye and Peters, 1982). 

The results of Naeye and Peters (1982) demonstrate one 
more factor that cannot be controlled when assessing the 
effects of maternal activity on fetal outcome, that of 
working outSide the home. It is interesting to note that of 
the human data presented, neither acute maternal exercise 
nor pregnant women who trained during pregnancy, showed any 
detrimental effects on fetal outcome. However, fetal growth 
retardation was found in women who were required to work 
during pregnancy. The data collected on women engaged in 
maternal exercise were volunteers, while the pregnant women 
working outside the home may be ‘'forced' to do so. Perhaps 
in human research, the added emotional and mental stress of 
employment complicates the actual assessment of ‘physical 


work' that occurs outside the home. 


tl 
"ty i ry Sips) ¢ Gesa 
‘ ? vi ate? 7 yf oxo 
ana ben ated aeey wails 
; neh) (280) eee oe 
iy onteesee es Geary belies eage 23 ; 
+, amosd09 tate Wo ree F fi 
wP at ese ey xe eran ‘Bawot 
elotaxe Letes tien Sess shan ein ee Var 
Mr eiicidestatl 
Woio, Leind ane a) ve f 


yO" - 09 


} 22esi72 
~— 
fentevad 


bat tun anew” 


‘ 


Sage. uBite sue e rl 
aaa | ) ls <tsteste3 one 
fae o jhensesgas eats i b saphalsencs Joomyes ie 


Janod : ; 9820990) Zadg ae 


REFERENCES 


Abel, E.L. "Consumption of alcohol during pregnancy: A 
review of effects on growth and development of 
effispring”s-Human Biol, 54(3):421-453, 1982. 


Actals Rip, Platt} ab<eaSperling,1 Me; Kammula ,7R.;,) and 
Nakamura, R. "Exercise in pregnancy I. Maternal 
cardiovascular and metabolic responses in normal 
Peegnancy”. Am. J. Obstet. Gynecol. 1403123-127, 1981. 


Ashmore, C., Robinson, W., Rattray, P. and Doerr, L. 
"Biphasic development of muscle fibers in fetal lamb”. 
Experimental Neurol. 37:241-255, 1972. 


MENEETON, «J +Ce,) Dark, wv.> Garland; H., Morgan, M.R., 
Pidgeon, J. and Soni, S. "Changes in water and 
electrolyte balance, plasma volume and composition 
during’ pregnancy-in;thearat"wed. Physiol).o\330:81-93);, 
1982. 


Baker, H., Lindsey, J. and Weisbroth, S.H. The Laboratory 
Rat. Vol. 1. Biology and Diseases. U.S.A.: Academic 
Press, 1979. 


Baldwin, K.M., Fitts, R.H., Booth, F.W. and Winder, W.W. 
"Depletion of muscle and liver glycogen during 
exercise. Protective effect of training". Pflugers 
Aeeh.@354'203-242,%, 19755 


Bancroft, J. and Stevens, A. Theory and Practise of 


Histological Techniques. Great Britain: Churchill 
Livingstone, 1982. 


Barr, M. and Brent, R.L. "The relation of the uterine 
vasculature to fetal growth in the intrauterine 
position effect in rats". Teratology. 3:251-260, 1970. 

Bassett, J.M. and Jones, C.T. "Fetal glucose metabolism". 
In: Fetal Physiolo and Medicine. Beard, R.W. and 
Nathanielsz, P.W. aca London: W.B. Saunders Co., 
Lea. 187 65 


BedfordeeT.., Tiptons-C.M., Widson, N.., Oppliger, RR. and 
Gisolfi. "Maximum oxygen consumption of rats and its 
changes with various experimental procedures. J. Appl. 
Physiol« 47(6)44278-42837, 1979. 


Boddy, K. "Fetal circulation and breathing movements". In: 


141 


Ps con gata aa 


(yol shea yg 4 ane Ue in 
eenquhotek, Bae S 

. ee S520 ne 
Lae. , -aecrs nie a ae 


CiwASo ssa 
i { | Lospnte a Fai 


AP \4 “capa 
bone Ie %ew “TE A hv 


Leer ij et igh x gy 
Ps Dees et pee 


oo e 6g) As TNs 
ae aie are 
- H¢ ha Liege ¢ 
P _ * a 
i: a al ac) ale 
in Abe iT? 
ino. 1. oa 


Se izot asta: ahi p Poa" « Be 
Bre Wf , ieee’ vers bain é 
soe Sete ahaa wi, We edad! 


‘dite B.\29ehi9qg0 |. Ase livigaie shergiT ..7 ,byoibed 
yoyKO muMmix os” 


S2jransionons His ea Sas AeiseiEe. i> fate%" ,A ,ybbod 


woul? a" Sqentewae a aay 


eoiirw Le Pes ee cane 
nnacie vspesy le > i 


f 


sctaetr sar Ty no Etta 3 
SsHlyegua sanz ad’ be edad 
GdS" Tes 9% ‘OER SE ee. 98 


,oter 


»b2ad 


.filoard 
¥ diiv esonanis 
B(0yN , lorsayds 


21s B47, 1010 1 tome 
Li awubeatin (eae 


mer 


142 


Fetal Physiology and Medicine. Beard, R. and 
Nathanielsz, P. (Eds.). London: W.B. Saunders, Co., 
1976. 


Brooks, G.A. and Donovan, G.A. "Effect of endurance training 
on glucose kinetics during exercise". Amer. J. Physiol. 
244(6)5E505-E512,- 1983. 


Buhrdel, P., Willgerodt, H., Keller, E. and Theile, H. 
"Postnatal development of rats born preterm and 
postterm. I. Body Weight". Biol. Neonate. 33:184-188, 
1978. 


Burd, L., Jones, M.D., Makowski, E.L., Meschia, G. and 
Battaglia, F.C. "Placental production and foetal 
utilization of lactate and pyruvate". Nature. 

Boe td VO= it To 7S 


Chandler, K.D. and Bell, A.W. "Effects of maternal exercise 
on fetal and maternal respiration and nutrient 
metabolism in the pregnant ewe". J. Develop. Physiol. 
Se lhe deal 7 6500 981% 


Charr; ViGs~and Creasy, R.K. “Lactate and pyruvate as fetal 
metabolic substrates". Pediat. Res. 10:231-234, 1976. 


Clapp, J.F. "The relationship between blood flow and oxygen 
uptake in the uterine and umbilical circulation". Am. 
Jemobstet. Gynecol. l32e0 10-413," 1978 


Clapp, J.F. "Acute exercise stress in the pregnant ewe". Am. 
J. Obstet. Gynecol. 136:489-494, 1980. 


Collings, C.A. ,2CurethiLi qnand, MulianyedopfaAcutetand long 
term effects of aerobic exercise during pregnancy on 
maternal and fetal well-being". Med. Sci. Sports Exerc. 
PZ eo oy 981: 


Collings) PCTAG , 1Curety eb. candi Mul linywJce. fMaternal and 
fetal responses to a maternal aerobic exercise 
program "| Am.oJ.. Obst. Gynecol. (14527022707, “1963. 


Corbett, K., Brassard, L. and Taylor, A.W. "Skeletal muscle 
metabolism in the offspring of trained rats". Med. Sci. 
Sportser (Abstrace). “dtd) 210772097 9% 


Cumming, D.C. and Belcastro, A.N. "The reproductive effects 
of exertion”. Current Probs. Obstet. Gynec. 5(8)s23-35, 
1962. 


Cumming, D.C. and Rebar, R.W. "Exercise and reproductive 
function anv women" > AmeGde>-Indva Med.) 4: 113=425711983: 


CuretveLiemOrryed-emRankin; ; JisCand ‘Ungerer, J. "Effect .of 


% io } rat) . 
in ) s2 JEW ite 
’ Ps +\% 2 rt ey : = 13 igsa ta 
ceyns tT ere ioiex 
7 as 


u° aS rent: Bae) 4h HIER 
HA maod rae wre stay 3 
(-helete)  eherear , DOLE: 


ws VD. yas dace ie 
feiany Ot 1G Ese eee | att 
1G... overt ee Eas 


aps 


oy 
ls uod wt 20 AF 


jHSia7Udbee wes ibs aie 


ket. 13°29 “2ezeeiede 
s("9 ares See oe es 

tk z ty 0 ae Kos aA ae Pi S auiohn a a Ss itoal bass ee ; 
of @ : y r i ¢ i. “ Tt: ‘E ‘ . » ‘ 
OD ee as re . 
atl Vix 


ect A . » Se 
Lys) > 
is = 

5 vie 


0A", "Ws, 2nargelg ad? cL 2aee ia aaio 


‘pall. , eeneaee 


*4 ai 


| 
na 
af h 
- = 
RO ig lela 
} 
‘ 


pool Bie siu9k Fe eet 
io VoAgites a PRL aoe 

se eae ee a 
nN 


el i Gite Pee ae 
Siskel O19p 
gab site ee} Pe 


et A 


tia. 


t2 “ly 4 yisizet 
64 Pete to - a4 Bae 
»eTer AMF ti 


bacay tybui oro y arin Parke! re j4F Han .3.0 » fiaeaaeald 
flETS> sania aie ‘aioe 132 y Ra bsthee 


Ne 
o 
& 
= 
= 
+ 
7 
age 
“) 
ae th 


~Fse 2694 44 


asiasibotuer, bi ‘sets wait es qecss bee De ~priemyd 
. Eee t os! = Se p cam aes | Y vf wh. ee. vier ssn) 
fs "#55238" lw , TS 1Sphoeee 4 lg hisact rc +8 


\ 


_ 


143 


exercise on cardiac output and distribution of uterine 
blood flow in pregnant ewes". J. Appl. Physiol. 
4005)*725-728, 91976. 


Dale, E., Mullinax, K., and Bryan, D. "Exercise during 
pregnancy "effects ton-the fetus": "Can v “Jt "App. Sp. Scr. 
TRAN 982103591982. 


Davies, K.J.A., Parker, L. and Brooks, G.A. "Biochemical 
adaptation of mitochondria, muscle and whole-animal 
respiration to endurance training". Arch. Biochem. 
Biophysics. 209(2):539-554, 1981. 


De Villafranca, G.W. "Adenosinetriphosphatase activity in 
developrngvrat muscle".,J. Exp. “Zool. 127:367-388, 
1954, 


Dhindsa, D., Metcalfe, J. and Hummels, D. "Responses to 
exercise in the pregnant pygmy goat". Respir. Physiol. 
82°299=3 00, -1978% 


Dias, P.L.R. "Surface area of motor end plates in fast and 
slow twitch muscles of the rabbit". J. Anat. 
PIF CS KPE53 3462) 1974. 


Divine-Patch, L. and Brooks, G.A. "Effects of training on 
VOz2max and VOz during 2 running intensities in rats". 
Phlugers Arch. 736867215-=2197 "1980: 


Donovan, C.M. and Brooks, G.A. “Endurance training affects 
lactate clearance not lactate production". Amer. J. 
Physiol. 244(1):E83-E92, 1983. 


Drachman, D.B. and Johnston, D.M. "Development of a 
mammalian fast muscle: dynamic and biochemical 
properties correlated". J. Physiol. 234:29-42, 1973. 


Drachman, D. and Sokoloff, L. "The role of movement in 
embryonic joint development". Develop. Biol. 
14:401-420, 1966. 


Dressendorfer, R.H. "Physical training during pregnancy and 
lactation". Physician Sports Med. 6:74-80, 1978. 


Dressendorfer, P.Q. and Goodlin, R.L. "Fetal heart rate 
response to maternal exercise testing". Phys. & Sp. 
Med. 8(11):91-94, 1980. 


Dubowitz, V. "Enzyme histochemistry of skeletal muscle". J. 
Neurol. Neurosurg. Psychiat. 28:516-519, 1965. 


Dubowitz, V. "Developing muscle-animal". In: Developing and 
Diseased Muscle. Dubowitz, V. (Ed.). London: W. 
Heineman Medical Books, Ltd., 1968. 


fe: i ia 7 
a hie ve) ne 
Pi “tga rere nee ah 
si ah a ; aa ue Test 
= Lid Vee 


fl ihe Sai ‘Bhs: re ov cnt Ze Ais | BA 
‘ojjot sie ome Sas tes i¢ eb sti 
a cs 


oy 7 o> ae my “ep ee A be A- ae) 
lig ‘regal. te Bier { 
"Ad ia beta aailenieene dy notfertqeeay - 
30; \ pae eee EB RECS _srlayigak® Bs 


eb at Wes 
ritreeat ites Be oitegaent aw. pone s tal Ve 
Y oe etl ten A said a 
: cer e 
: ce 
ia" |G eerie ‘nag por gies So ry) ‘ +O sebota fi 
“ht yneyg ae Side, he sais sxe ip 6 
der f  E-Sesl sce 


[ td sh soe & 2°. 
st adid i Bohateteter 


gikata te) 0 ees ASS. eae so ene, oe Oe ce aa vit 
ie at Soh Piet ete a8: ‘fing sem, 
DF ee honky «ea, sie ae ‘Ng 


oJwo > OH b4.535 S398 wi? The aed oor hes. M.D eae - 
(7 mite. re abbas 4 See hag ‘4p at afetrel (© 
Bet, Hsin bess seta 

¢ ox: a> of. C sa 


. ethene ee 
| atte] 


3 | ars hsp ge. eee (Al? 3 anid 
be 


F. 


Lew oreG ae 


| ENS) SP orees Fa a si 
is ee ae ape Sher 
ae fete | ba tes lake 


agape 3 “4 ? hs: ane nin B73 


aL oarer citi cad ‘a 


‘a | oo 
es "asians 


sProbmeaees 
Bese rel 


Par 
mise 
‘bone | ous 


144 


Dubowitz, V. and Brooke, M. Muscle Biopsy: A Modern 
Approach. Londons W./B.. Saundersi; Co. , "1973. 


Edwards, M.J. "The effects of hyperthermia on pregnancy and 
prenatal development". In: Experimental Embryology and 
Teratohogy: VOlPate Wodlam, Deo/and Morriss,) Go (Eds.)». 
London: Elek Scientific Books Ltd., 1974. 


Edwards, M.J., Metcalfe, J., Dunham, M. and Paul, M. 
"Accelerated respiratory response to moderate execise 
in late pregnancy". Respiration Physiol. 45:229-241, 
1SB1- 


Emmanouilides, G., Hobel, C., Yashiro, K., and Klyman, G. 
"Fetal responses to maternal exercise in the sheep". 
Airneard. Obstet. .tGynecel. (012:,130-137, 1972. 


Engel, W.K. and Karpati, G. “Impaired skeletal muscle 
maturation following neonatal neuroctemy". Devel. Biol. 
WETS 123 1968. 


Erkkola, R. "The influence of physical training during 
pregnancy on physical work capacity and circulatory 
parameters". Scand. J. Clin. Lab. Invest. 36:747-754, 
1976A. 


Erkkola, R. "The physical work capacity of the expectant 
mother and its effect on pregnancy, labour, and the 
newborn™. Int. J. Gynecol. Obstet. 14:153-159, 1976B. 


Fitts Menwits peBooth pcr .W..7 WinderaiWiowiacand Holloszy, -J.0. 
"Respiration capacity of muscle endurance, and glycogen 
utilization in rats at various levels of exercise 
train ing asked. iProc. 1337349 Prigia: 


Francesconi, R. and Mager, M. "Acute heat/exercise stress in 
rats: effects on fluid and electrolyte regulatory 
hormones". Experientia. 39(6):581-583, 1983. 


Galletti, F. and Klopper, A. "The effect of progesterone on 
the quantity and distribution of body fat in the female 
rat", PActac Endoorino log tda:. s46:3:7:97386 ; e964. 


Gilbert, R., Cummings, L., Juchau, M. and Longo, L. 
"Placental diffusing capacity and fetal development in 
exercising or hypoxic guinea pigs". J. Appl. Physiol.: 
Respirat. Environ. Exerc. Physiol. 46(4):828-834, 1979. 


Gilbert, R.D., Nelson, P., and Longo, L. "Long term maternal 
exercise in guinea pigs: effects on fetal growth and 
development and placental diffusing capacity". Am. J. 
Obstet. Gynecol. 140:123, 1981. 


ec 


ye) 


m= 
é 


J ta ® py are. mS jas ime ae ee 


a ‘ ’ oe all Mere) j 
sods iy al oti 399se Dae ee 


as 1uly pas oee 
MONAliIaTio bene: keer 2 


ine2 569% Suv 19 md 


5 ee > peeal rel 


mae tf ii re sARCEE .aRES 688 geet ron 


ai03 43 teoqtg Lo. Pees ‘lane 
snginge Daves iste) brs 02 come 
ede 7 Tia & seme id 


ips: dees. gat ne 
enue race eer 


Hoo aii =. 
He mn Sa 
. = 
a ‘vw = a 


} Tel ie Bea, 4 
5° HT.) area > 


4108) BAe HUE 
TS wr Od wane | ary 


| > ; 
ah ont had Pause: 


fae h Paki 
e428) , Lota Been 


| 
See ete a ee dgaY’ ¥ 
grer Vet Chere a oogem 


7 

g tt : 

ei oaan svyelaia ‘oes 
fayied’ |" Mh ey Sa Tosh is 


el rat - Saves ach 


ind »wodheny 


; ih iat Die ue 
(bes ont noe So 


| es oogagnant 
eer yae 78387 9) 
« . “earroaton an 


4°bue 4 iasekt 
Qiicnanp edd. 
2 +6034 ae 


ea tatein | yaraddio 
a ke, dejneoeid 
30 gniaioress 
Givens .Jotiaeeh 


ae -.: naeie.,\G,.8 ,3esdir10 
eeniup ft s2ioTena 
iq Ons anenqolever 
* .inogoyd.., 2229840 


vor 

a a Tae “siiay 

’ 123 ae 4 P| Pt ete uly 
i£ iP | be Pa Ae A 


aig” wt Tea ore 46, Nang 
Nee! Sat -LV ised cote 


a Joppod fhe a eile 


*66-BEE- | ‘bag 400% 


oth, "y2l Saye 


145 


Gilbert, M. and Leturque, A. "Fetal weight and its 
relationship to placental blood flow and placental 
weight in experimental intrauterine growth retardation 
Pet he rat 2d.) Develop, Physiol. 4:237-246, 1982 


Guth, L. and Samaha, F. "Qualitative differences between 
actomyosin ATPase of slow and fast mammalian muscle". 
Experim. Neurol. 25:138-152, 1969. 


Guzman, C.A. and Caplan, A. "Cardiorespiratory response to 
exercise during pregnancy". Am. J. Obst. Gynecol. 
1089600-605, 1970. 


Haltia, M., Berlin, O., Schucht, H. and Sourander, P. 
"Postnatal differentiation and growth of skeletal 
muscle fibers in normal and undernourished rats". J. 
Neurol. Ser.’ 36:25-39,. 1978. 


Harrison, P. (interview for paper). "Exercise won't endanger 
pregnancy, expert says". The Medical Post, 1981. 


Ho, K.W., Heusner, W.W., Van Huss, J. and Van Huss, W.D. 
"Postnatal muscle fiber histochemistry in the rat". J. 
EmboyotseExptyrMorph., 762387<49;01S83¢ 


Hohimer, A.R., Bissonnette, J.M., Metcalfe, J. and McKean, 
T.A. "Effect of exercise on uterine blood flow in the 
pregnant Pygmy goat. Am. J. Physiol. 246:H207-H212, 
1984, 


Hull, D. "Fetal fat metabolism". In: Fetal Physiolo and 
Medicine. Beard, R.W. and Nathanielsz, P.W. (Eds.). 
BondonsiweBetSatnderssCo.., MbtdsoT976.. 


Hytten, F.E. and Leitch, I. The Physiology of Human 
Pregnancy. Blackwell Scientific Publications Oxford, 
2Zndweditzvon, 1971. 


Kral, SaaG? seJacobssonhaBbot Smith au. vandsbjorntorp, *Puy"The 
effects of physical exercise on fat cell metabolism in 
the rat" > iActa Physiol. Scand. 90:664-672,. 1974. 


Knuttgen, H. and Emerson, K. "Physiological response to 
pregnancy at rest and during exercise". J. Appl. 
Physiol. 636(05)2549-5537 51974; 


Laughlin, M.H. and Armstrong, R.B. "Rat muscle blood flows 
as a function of time during prolonged slow treadmill 
exercise”. Am. J. Physiol. 244(13):H814-H824, 1983. 


Lederman, S.A. and Rosso, P. "Effects of obesity, food 
restriction and pregnancy on fetal and maternal weight 
and on body composition in rats". J. Nutri. 

LIS 216222 eae 9312 


yp7d icex hme iM’ gredi i 
Hie adnate Raheny eae 
nore oS ami vez nEod aon 
: (b? bout i ws jak “30o ans 
‘ih gM sila ine dak a r 
ah a. wa Pe co aes resins a 
A ee Cayoga omer bortiom alia q 


a \eaninee yt 24 vb sainzsxg 
wba 809-5 Od: oof 


440" ots atau bas why 3, <6 : sy 


be 


jie ,4 oihtattipe Sk nhiaea | ‘ota 

to Pes el tai wedep AG. Lesa s208" 

boas voviekeu Sie iittq Fe eeedhs 61 secn | 
Bees RE SReRE scliemaeaven 


wei sa Coa: Mi ae 4a nog ta28H 
8) Swaba see Taal aad taal syassapssd 
- 0 ful cal aig re el be bg wit nananal ww. AOR 
it che thap ian udeasact" aa 
peer ia ie Heae en ahoyndnd ji 


bite eis | . ae Ba seeen sab shh aemt +Hoe 
Tt iy abe ne i Cae de® 


; ote ’ a7476 e ted Pe 
pas ee ae oo |e 


oes eheg eee 


cit TOS sas S alk PRI Wy en ee inenpssq | */ 
i 7° id ae * de ¢ 7 
; ; 2 | ) r ues * 
ine iotante Rgage tie ae pa emg, at. joer 8 ai 
sa) 59, ee ec he rt « 7 
pave ipa ; 
laruh; to) 2 fuk & (a 
.& / txt) even ENT ae € 
; exl | aT ; | 
“i ant” eee sis + 
ica mablca Sh, LLSs 182 ae ; 5 hai 
at ar Bi (e-b3g4 ov sO0OSe 8 
_ ; pak (= ain 
a a 4 sh apace pee ete & 
i 3 ad 
i 


- 


, of ¢ cs 


y i. 4 


¥ 
* 

bye 

© 


1) 


is 


146 


Lewis, P.J. and Boylan, B. "Alcohol and fetal breathing". 
ThevLancet. Feb. 17,' 1979, p. 388 (letter). 


Longo, L. "Placental transfer mechanisms - an overview". In: 
Pathophysiology of Gestation. vol. 2. Assali, N.S. 
(Ed.). New York: Academic Press, 1972. 

LOongopebsynHewett, CeW?, Lorijn, RiH. and ‘Gilbert, R.D. "To 
what extent does maternal exercise affect fetal 


oxygenation and uterine blood flow?" Fed. Proc. 37:905, 
1978s 


Longo, L. "Maternal blood volume and cardiac output during 
pregnancy: a hypothesis of endocrinologic control". 
Amer. J. Physiol. 254(5):R720-R729, 1983. 


Lotgering, F.K., Gilbert, R.D. and Longo, L.D. Exercise 
responses in pregnant sheep: oxygen consumption, 
uterine blood flow, and blood volume. J. Appl. Physiol. 
5503) :834=841501983A6 


Lotgering, F.K., Gilbert, R.D. and Longo, L.D. Exercise 
responses in pregnant sheep: blood gases, temperatures, 
and fetal cardiovascular system. J. Appl. Physiol. 
5503) 3842-8507 et 983B. 


Manning, F. "Fetal breathing movements". Postgrad. Med. 
SCA A622 slo RT. 


Martin, C. "Physiologic changes during pregnancy: The 
mother". In: Fetal and Maternal Medicine. Quilligan, E. 
and Kretchmer, N. (Eds.). New York: John Wiley and 
Sons;eine., 1900, "pp.wi's Ta 180). 


Mayhew, T.M., Cope, G.H., Williams, M.A., Mahon, M. and 
Cruz-Orive, L.M. "Stereology: a demonstration of some 
basic principles and applications". University of 
Sheffield, Department of Human Biology and Anatomy 
(paper). 


Medical Tribune World Service. "CNS birth defects linked to 
maternal exercise, fevers". Medical Tribune World 
Service. Sydney, AuStralia. March pp. 17-18, 1983. 


Metcalfe, J., McAnulty, J. and Ueland, K. "Cardiovascular 
physiology". Clin. Obstet. Gynec. 24(3):693-710, 1981. 


Morrism.NiJ, Osborn, SepeWright)SHesand Hart? /Ay."Effective 
uterine blood-flow during exercise in normal and 
pre-eclamptic pregnancies". The Lancet. (2):481-484, 
Sept. 8, 1956. 


Naeye, R.L. and Peters, E.C. "Work during pregnancy: effects 


~ 


73 3) ee es eho 


G29 7%: aati pra 
“ 6c) I a hk 7 7 


ay 


r 3 ge at 
: ‘ & * ; Ay ve Ce 
ia inde A : rh 
7 ‘4 ; eal ph a i 
' hs ' ' i Ait ae 28 | # iach 2 mi 
, ited eee? 
ss 4 ‘ “ yao ign 4 


P A 3 be vg ss 
Wf ae 
, © 3 
: - I " 
> 


aes ed nL SN pgs el, bas, re 
otyanlizagy eR ead ¢ 
wir aas eA >) 4 aes De inal ote 


‘i » wee 
ie 

= 7M itd od aed: fp ae 

oieqdied .asgag boOta Viawee 4 

. j stat rely} ait that ad ‘Wt > ash 


3M: T rr, ive “wi i 
; va , 


fk 


9/{'r Nooo wes 
2 sc Ts 3 Uy. «ie 


NG ‘aft (ate ; 

5 Oe. 39 atin saaaeR 
Tiesaviny. 

aoe Aas ue i 


gq? Peanil sinateb wah 7” <oyivm 
we at anud ta, ‘ieee 
CBEt! 1-00) 9a. Hote: SOewee 


audupbototiiey®.. Keg brs 
‘THRT aes - CRANE) bn aT 


avidhelag" SK): 
Boe: temrgi athe 
i sail sean 


. ee 


) 


= f , - i 


cal 7] 
* 


. 7 tazin’ tygatoteyda:» pull 


y eaeses bas tee 4 


Sagal - iT 
the ae 
eA: 


- ire ay 


; - ao A 
abe ~ sipaee- ona 
“oa mute ders 


ee wal iiss : 


_ 
bf3“Sootd Fh ser) " 
#1q sitquséioe-s “as 
BGG! ,B5 

» 


7 
ale) 
. 


oll 


; 


147 


on the fetus". Pediatrics. 69:724-727, 1982. 


Nelson; *PsS-, Gilbert, oR.Divnand=Longo; ‘L/D. "Fetal growth 
and placental diffusing capacity in guinea pigs 
following long-term maternal exercise". J. Develop. 
Bhystolens: 1; 10ya1983.; 


NICHD Summary Report submitted to the National Institute of 
Health. Sept. 1982: 


OED, ai UNGerenstT op iwills wJisiwWernickerwkeatandMCuret, ob: 
"Effect of exercise stress on carotid, uterine and 
iliac blood flow in pregnant and non-pregnant ewes". 
Pies Obstet. Gynecol. MWas21sSa217 71972. 


Palou, A., Remesar, X., Arcola, L. and Alemany, M. "Body and 
organ size and composition during late foetal and 
postnatal development of the rat". Comp. Biochem. 
Physiol. 75A(4):597-601, 1983: 


Parizkova, J. “Impact of daily work-load during pregnancy on 
the microstructure of the rat heart in male offspring". 
EULOp. a. “ADDL. wPhysi0i. 34°323-326, 11975. 


Parizkova, J. and Petrasck, R. "The impact of daily work 
load during pregnancy on lipid metabolism in the liver 
Of theeoffispring" Shburald. Appa iPhysiol. 39:81-87, 
1978. 


Pernolv,tMs jpaMetcalfe, JdsptSehlenker}ivT.; iWelehjpe4Jds mand 
Matsumoto, J. "Oxygen consumption at rest and during 
execise in pregnancy". Respri. Physiol. 25:285-293, 
1.975% 


Pernoll, M., Metcalfe, J., Paul, M. "Fetal cardiac response 
to maternal exercise". In: Fetal and Newborn 
Physiology. Longo, L.D. and Reneau, D. (Eds.). New 
York: Garland Publishing Inc., 1978. 


Physician and Sportsmedicine. Round Table: pregnancy and 
SHOES. 2sGo5eN 4. love. 


Pomerance, J., Gluck, L. and Lynch, V. "Maternal exercise as 
a screening test for uteroplacental insufficiency". 
Obst. Gynecol. 44(3):383-387, 1974. 


Pomerance, J.J., Gluck, L., and Lynch, V.A. "Physical 
fitness in pregnancy: its effect on pregnancy outcome". 
Am. J. Obstet. Gynecol. “119:867-676, 19748; 


Rosso) Ps; °Keyou, G., Bassi, J.A. and» Slusser, Ws "Effect of 
malnutrition during pregnancy on the development of the 
mammary glands of rats". J. Nutrit. 111:1937-1941, 
198, 


: tan ¥ 108.’ a mi *. tt Sd a. 
i : 
; os, . oe ail | a : 
* 2 f a. q aibf'— @ at So : os a ae 
rsa. >" we 4 b oe rouse oY we ol 
'o ret: : ese i) > ‘ é PL 


oe are Jk , SPRa ree, vive 
Die Ss ta. i yes a0, Ae : M4 
I ota) mer s7E° 5" c BA Birt: 

nee? nage “Ev SaGnte ie 


a tee Orie: al oak 


fa Legac? Ah. ENE Rea ary 
iqoeie nh , OP the Se. Ne 
Niet ae: 


roe tc. Gir. AD rier: 


fhe s oh) 
i Tee eli Bi IR ; ean ) 
! | t yi: Pa ie st 


7 rey 


ah 


imewitl2 ie. so pd TN ed 
yV DE a Pe hit PL 
Ve? i eos anes a 


Bet 


Dive * en iT 4% ‘* ’ 
Sni*uo ran) 5253 am} 0 
POS 286685 y tobe s 


of OCS = Be Gade ¥ iegad® 4 a 
(ices) Bis 4 a 
wa. 4,85 a a i ~~: : 


Tet 
hak yonattend’ t4iden BALOT ranean, bie notolayes 
ae ye-#i:5 .etrege na 
en cabanas tagagoah" avi enter 3 cn arly ..% .sons19M0F ” 
‘ 72 = 
cae: 


, Vcr si Sey Legit yet + Ringette 6 
eo) \\ee- ~fadanyo ,sedO 

feoterdd'\, 4.) Viton ac eID .t.% soseaiec’ 
rr oe hii ta | vagunosaq ho, Jae ati fanporg ai aeenzhi 
were! (ata ‘ina 1 P .tesedO .L .mA 


Io 1gy7 har ww |, taekayl 2 Bié ti-G saan ,2 ,wWovod ..9 ,0880H 
on . Swany LS yee ait od Ypasneasg Pilih voli lisuslem 
S0r-UlSieett sFii yaw’ 0 "896s to sSrelp yy: eamga 
| . 'Bet 


148 


Rudolf, A.M. "The fetal circulation and its response to 
Stress ies) * Develop ncPhysiobscés1119)) 1984. 


RulilingdwseOu, Cameron, J., Sibley, L., Christensen, D.L. 
and Bolen, T. "Maintaining aerobic fitness while 
jogging through pregnancy: a case study". Scientific 
Abstracts. Med. Sci. Sports. 13(2):93, 1981. 


Rush, D. “Environmental influences on intrauterine growth". 
In: Fetal metabolism in fetus and newborn. Mead Johnson 
Symposium on perinatal and developmental Medicine #3. 
sune, 11-3, 11973. 


Shafiq, S.A., Asiedu, S.A. and Milhorat, T. "Effects of 
neonatal neurectomy on differentiation of fiber types 
in rat skeletal muscle". Expl. Neurol. 35:529-540, 
T3723 


Shepherd, R.E. and Gollnick, P.D. "Oxygen uptake of rats at 
different work intensities. Pflugers Arch. 362:219-222, 
1976. 


Smith Sib, (Gilbert °R.D.., ‘Rammersi7¢R 7d... rand) Longo ,A'bD: 
"Placental exchange area in guinea-pigs following 
long-term maternal exercise: a stereological analysis". 
J. Developmental Physiol. 5:11-21, 1983. 


Soeo? ML. Manning, F.A., Murata. .:and Druzin, M.L. 
"Maternal smoking causes fetal hypoxia: experimental 
evidence". Am. J. Obstet. Gynecol. 142:214-218, 1982. 


Spellacy, W.N. "Insulin, glucagon and growth hormone in 
pregnancy". In: Endocrinolo of ‘Pregnancy. Fuchs, 'F. 
and Klopper, A. (Eds.). U.S.A.: Harper & Row 
Publishers, Inc, 1977. 


Symchych, P.S. and Winchester, P. "Potter's syndrome. Animal 
model: amniotic fluid deficiency and fetal lung growth 
inechne rar’. Amer..0.. Pathology. .90(3)e7 79/6255 1978. 


Terada, M. "Effect of physical activity before pregnancy on 
fetuses of mice exercised forcibly during pregnancy". 
Teratology. 10:141-144, 1974. 


Tuchmann-Duplessis, H., David, G. and Haegel, P. Illustrated 


Human Embryology - Vol. 1 Embryogenesis Masson & Co., 
France) 19725p.0/4. 


Ueland, K., Novy, M., Peterson, E.N. and Metcalfe, J. 
"Maternal cardiovascular dynamics IV. The influence of 
gestational age on the maternal CV response to posture 
and exercise". Amer. J. Obstet. Gynec. 104(6):856-864, 
1969. 


oyity = | 
‘4 eee are: 


balks me” ot _yneted E 
ces si Koen ng oveuts aoe a 
i ipa: ipa ie ose «SfOR738 ~ 
rit; i paeangi tend 
i ae seal . bos Lada peat ft) ice 
; * ee AERET bt it ona 
ie é p eS iM bs Ae | yubeten nals 2 pul ani 


Ws oT Re na, % e390 ar Ladanooti 


ae er vet peumn iptelorte 2e2 cea 
st 


D 
Hae 


ra “@ bE i} he P . 7 a 
Qu’ agpvrG" 2 oe Avincboe Das aa .fredqede 
TA, 2 2egulte sana ie) acta af9 vate 
: y ‘he mid 
tod, has!) Ce Syaimeda vide pei’ ry fT, ia doin 
nif6o? skier seo.ke FE a miata poneortairinie & 
7s Lovbot (3460s eee Staab! svsien mp ooh ae 
rae ete dig lly nnn evel oS 
, : 4 
Ps is zt bal DAB <i er, ve Ae8 av gull, M , £93046 
P - a wie 2 eines a s +amM" y 
¢ i a : TRS ; re rae Beit is Aan. 
‘ii 21 iD ra tee 
OG. 5) weet a3 ee te a nea 4 ani 
a) (anaes nc enema a0 pol , ibe 
woH 2. SaQee ns, i Php, 
M4 7 a) ; 
amend i322 \sae5 ins 


i$ @E 40: psa Lesad one TS ; : 
eOyeh SRST-OLTa EWG? sge tart: 

a : fe = 

(adeipo1g etdisd ysivt sons ve 

ae Pansies BassOe, yin? ne 
ot aces 

- aa i) : iM boys : 


— 


| . #2 .ypotomsya Re 
ae 7 7 
ee a easiguu~s : purl 
WBSSoyscan osmih 
B ySXeT ,sonest 


- 
Cora 


149 


Ueland, K., Novy, M. and Metcalfe, J. "Cardiorespiratory 
responses to pregnancy and exercise in normal women and 
patients with heart disease". Amer. J. Obst. Gyn. 
fkow se 1 OF. SO Sn 


Ville-Moruzzi,.&., Loeci-Cubeddu, T. and Bergamini, E. 
"Developmental changes of glycogen enzymes in fast and 
Slow muscles of the rat". Growth. 43:73-79, 1979. 


Vorherr, H. “Factors influencing fetal growth". Am. J. 
Obsret. Gynecol. 142:577-588, 1982. 


Weibel, E.R. "Stereological Techniques for Electron 
Microscopic Morphometry". In: Principles and Techniques 
of Electron Microscopy. Biological Applications. Vol. 
3. Van Nostrand Reinhold Co., 1973. 


Weibel, E.R. "Introduction". In: Practical Methods for 
Biological Morphometry. Stereological Methods Vol 1. 
New York: Academic Press, 1979. 


Wilson, N.C. and Gisolfi, C.V. “Effects of exercising rats 
during pregnancy". J. Appl. Physiol:Respirat. Environ. 
Exercise Physiol. 48(1):34-40, 1980. 


Winick, M. "Fetal malnutrition". Clin. Obstet. Gynecol. 
1S0o) 52/5 4ile wl ou O 


Woodward, S.L. "How does strenuous maternal exercise affect 
the fetus? A review". Birth Fam. ds. 8(1)217-24, 1981.0. 
Embryol. Bxp. Morph. 12: 7592767, 1964. 


Young, M. "The accumulation of protein by the fetus". In: 
Fetal Physiology and Medicine. Beard, R.W. and 
Nathanielsz, P.W. (Bds.) London: W.B. Saunders Co., 
Ltd. 1976. 


aed 19 oy 2ub ye" Fe 


Co -bnle= 
4 tay Lot ae - 
ot Aree ° 


‘Th m3 a ie" > Wu LA 


TLOGS4+1 lL OLae Pie a } 
VO (Ue arg t 


ateae aa Saleh td 
xe 


9x9 ons te SUSE 
) 


eerie ts +a va 
, ene! ip” pe ache 


7 ae nee vet its) 
ant 


APPENDIX A 
PROGRESSIVE RUNNING BEHAVIOUR CHART 


(Example of first week in MILD experiment) 
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Rat 
ID 


MO2 
MO7 


MO5 
MO7 
MO9 
MO8 


MO7 
MO5 
others 


MO3 
MO2 


MO7 


oat 


PROGRESSIVE RUNNING BEHAVIOUR CHART 


(Example of first week in MILD experiment) 


Day Treadmill 


Speed 
(m/min) 
1 5 
2 15 
2 1 
4 15 
5 20 


Incline 
(degrees) (minutes) 


10 


Time 


20 


30 


40 


50 


Comments 


all rats, fine 


trouble running 
problem running 


diarrhea 
squeeky 

slight diarrhea 
good runner 


diarrhea 
diarrhea 
accustomed to 
treadmill 


good runner 
intermittent 
runner 

bad runner 


REST 


REST 
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APPENDIX B 
PREGNANT RUNNING BEHAVIOUR CHART 
(Example of first week in SEV experiment) 
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Rat 
ID 


PR302 


PR301 


PR302 
PR301 


PR309 


PR3010 
PR301 
PR302 


PR3010 
PR309 


PREGNANT RUNNING BEHAVIOUR CHART 
(Example of first week in SEV experiment) 


Day Treadmill 


Speed 
(m/min) 
1 30 
2 30 
3 30 
4 30 
5 30 


Incline 
(degrees) (minutes) 


10 


10 


Time 


120 


120 


120 
90 


120 


120 


Comments 


cut paw, ran 
poorly 

both paws cut 
and swollen 


day off 
day off 


swollen paws, 
ran poorly 
cut paw 

okay 

okay 


all okay 


swollen paw 
cut paw 


REST 
REST 
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APPENDIX C 


METHODOLOGY FOR ACTOMYOSIN ATPase 
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SOLUTIONS 
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2. Rinse solution (18 mM CaClz in 100mM tris) 


(hydroxymethly) aminomenthane (Tris), pH 7.8. 


Tris (MW 121) Pd es) 
GaGhs) (0. 18M) 100 ml 
Distilled water 900 ml 


3 Alkaline preincubation (18mM CaCl, in 100 mM 


buffer, pH 10.4) 


Sigma No 221 buffer (1.5 M) 3.35 ml 
Cache (0.189M) 5 ml 
Distilled water 40 ml 


4, Incubation solution (2.7mM ATP, 50 mM KCL, 18 mM 


CaCl2 in 100 mM buffer, pH 9.4). 


Sigma No 221 buffer (1.6 M) 3.35 ml 
Cac C0 cle M) 5 ml 
KCL (MW 75) 0.185 mg 
ATP disodium (MW 551.2) 0.076 mg 
Distilled water 40 ml 


5. Wash ‘solution (1% CaCl2; w/v). 
CaCl, (MW 147) 10 g 
H20 1000 ml 


6. Cobalt chloride solution (2% w/v). 


CoCl,(MW 238) 1g 
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H20 50 ml 


b. Alkaline washing solution (100 mM buffer, pH 9.4). 
Sigma No 211 buffer (1.5 M) 13.4 ml 


H20 160 ml 


8. Ammonium sulfide solution (1% w/v). 
Ammonium sulfide (light) 0. S me 


H20 50 ml 


Sigma (1.5 M solution) 
Sigma (MW 89.1) 14.4 ml 
Distilled water 100 ml 


Bring 14.4 ml up to 100 ml with distilled water. 


METHOD 

hes Dry frozen sections for 90 min at room 
temperature. 

Zi Rinse slide inv Solution tZetorelymin;, with 
agitation and drain. 

Be Preincubate in Solution 3 for 20 min (in fridge, 
no agitation). 

4. Rinse slides in Solution 2 (two changes, 1 min 


each) and drain excess solution. 


5. Incubate for 15 min in Solution 4 at 37°C. (The 
Solution 4 is filtered into staining jar that is 


prewarmed to 60°C. This rapidly warms the solution 
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Wash in three 30 sec changes of Solution 5 and 


drain excess solution. 


Place in solution 6 for 5 min (oven). 


Wash in four 30 sec changes of Solution 7 and 


drain excess solution. 


Place in Solution 8 for 3 min (oven). 


Wash in running tap water for 3-5 min, dehydrate 
in graded ethanol, clear in xylene, and mount in 
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APPENDIX D 
TABLE 9. CUMULATIVE AVERAGE WEIGHT GAIN DURING 21 DAY 
GESTATION PERIOD FOR GROUPS PR & PC 
(MILD, MODERATE, AND SEVERE) AND C, NPR-SEV 
TABLE 10. PROPORTIONS OF MATERNAL WEIGHT VALUES AND FETAL 


OUTCOME VALUES FOR MILD, MOD, SEV 
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Table 9. CUMULATIVE AVERAGE WEIGHT GAIN (EXPRESSED IN (g)} DURING 21 DAY GESTATION PERIOD FOR 


GROUPS PR & PC (MILD, MODERATE, SEVERE) and C, NPR-SEV 


GROUP 


is, 14-352 “16-7 18 19 20 21 


439.4 25.0 26.4284 29°5 370 -31:6 35.8 —35.6 9 SG:2 
(5.6) 


12 
.2) (4.9) (9.3) 


11 


10 


(7.8) 


(8.2) 


46.7 53.4 66.4 82.0 93.8 105.0111.0 115.0 132.0 142.0 
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APPENDIX E 
PHOTOGRAPHIC PLATES OF NEWBORN GASTROCNEMIUS, 


STERNOMASTOID AND DIAPHRAGM MUSCLE 
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PLATE 1A - TYPICAL NEWBORN SKELETAL 
MUSCLE: GASTROCNEMIUS. 
MAGNIFICATION X 415. 


MASSON'S TRICHROME STAIN. 


PLATE 1B - TYPICAL NEWBORN SKELETAL 
MUSCLE: STERNOMASTOID. 
MAGNIFICATION X 525. 


MASSON'S TRICHROME STAIN. 
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PLATE 2A - NEWBORN DIAPHRAGM MUSCLE. 
MAGNIFICATION X 525. 


MASSON'S TRICHROME STAIN. 


PLATE 2B - NEWBORN DIAPHRAGM MUSCLE. 
MAGNIFICATION X 400. 
MYOSIN ATPase STAIN. 


(PREINCUBATED AT pH 10.4). 
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APPENDIX F 


SUMMARY OF PAIRED T-TEST RESULTS 


166 


— r my. = 
nae | ; Y : - 
bs me ’ a 
“tf ,) : 
> 
4 
‘| ia 
~ 
i 
qs Se t 
~ 
} 
| 
= oS 
ou 
\ 
” Be 


y SEqMaTTE 
arauaia Teatsr ragaiuas 10 datas 


A 


167 


SUMMARY OF PAIRED T-TEST RESULTS 


Pe Weights of Paired Female Rats on Day of Conception 


a. PC-MILD and PR-MILD 
t(3)=2.23 
p=0.11 


as PC-MOD and PR-MOD 
ESVEO 67 
p=0.56 


Be PC-SEV and PR-SEV 
t(7)e1.90 
p=0.10 


Qi The Number of Days Prior to Conception 


a. PC-MILD and PR-MILD 
t(3)=2.10 
p=0.13 


ole PC-MOD and PR-MOD 
t(9)=1.34 
p=0.21 


Cr PC-SEV and PR-SEV 


t(7)=0.94 
p=0.07 


an Last Recorded Pregnancy Weights Before Giving 


Breth 

A's PC-MILD and PR-MILD 
t(3)=2.74 
p=0.07 

De PC-MOD and PR-MOD 
t(9)=5.05 
p=0.007 


Cy PC-SEV and PR-SEV 
t(7)=4.47 
p=0.003 
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Postpartal Weights for the Pregnancy Groups Within 
20 Hours After Giving Birth 


a. PC-MILD and PR-MILD 
t(3)=0.33 
p=0.76 


be PC-MOD and PR-MOD 
tiG9) 32.24 
p=0.05 


CE PC-SEV and PR-SEV 
i677) =3..19 
p=0.015 


Postparal Weight Gain for the Pregnant Group 


a PC-MILD and PR-MILD 
663) 2.45 
p=0.24 


be PC-MOD and PR-MOD 
t(9)=3.18 
p=0.01 


Cr PC-SEV and PR-SEV 
t(7)=2.49 
p=0.04 


Average Weights of Each Litter 


a. PC-MILD and PR-MILD 
E03) =0.3 
p=0.76 


be PC-MOD and PR-MOD 
t(9)=0.12 
p=0.91 


ery PC-SEV and PR-SEV 
t(7)=0.43 
p=0.68 
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Average Number of Neonates/Litter 


a. PC-MILD and PR-MILD 
t(3)=1.40 
p=0.26 


be PC-MOD and PR-MOD 
t(9)=1.08 
p=0.31 


Cc. PC-SEV and PR-SEV 
EX 7) 4.06 
p=0.44 


Average Total Litter Weights 


a. PC-MILD and PR-MILD 
t(3)=1.41 
p=0.25 


Be PC-MOD and PR-MOD 
£(69)20.15 
p=0.15 


cz PC-SEV and PR-SEV 
t(7)=1 69 
p=0.14 
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SUMMARY OF ANOVA RESULTS 


Weights of Paired Female Rats on Day of Conception 
MSt=307.8 MSe=218.7 
F(5,39)=1.408 p=0.24 


The Number of Days Prior to Conception 
MSt=12.3 MSe=16.6 
F(5,39)=0.74 p=0.60 


Last Recorded Pregnancy Weights Before Giving 
Birth 

MSt=2747.8 MSe=285.7 
B(5,39)29.616 p=0.00005 
Scheffé Results 


a. PC-MILD and PR-MILD 
p=0.358 


b. PC-MOD and PR-MOD 
p=0.005 


(ele PC-SEV and PR-SEV 
p=0.004 


Postpartal Weights for the Pregnancy Groups Within 
20 Hours After Giving Birth 

MSt=1124.2 MSe=323.1 
F(5,39)=3.481 p=0.0107 

Scheffé Results 


a. PC-MILD and PR-MILD 
p=0.941 


Dr PC-MOD and PR-MOD 
p=0.636 


Cc. PC-SEV and PR-SEV 
p=0.348 
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